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(54) TiUe: ANTIBODY AGAINST /?- AMYLOID OR DERIVATIVE THEREOF AND USE THEREOF 
(57) Abstract 

Novel antibodies useful because of having the binding specificity for 0-amyloid or derivatives thereof with 
amyloid acting as an immunogen, or monoclonal antibodies which recognize the N-terminus, C-terminus and central 
portion, respectively, of ^-amyloid. The combination of these antibodies provides an assay method whereby 0- 
amyloid can be specifically determined with a high sensitivity. This method is useful for diagnosing diseases in 
which ^-amyloid or a derivative thereof participates, such as Alzheimer's disease, and the antibodies are useful for 
developing preventive or therapeutic agents for Alzheimer's disease. 
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W j® * 

T;vy^4^—m\^£.z> * Ai*^ « a # * *t£r mm ^ota'j, 

^-7^n^ Ktt» ^J4 0|©7 $ y Ift 2> £> * 3 ^< :/ ^ KT»*> U , T 
% u4 KBtrffifffiSH' (Amyloid Precursor Protein : KIT, APPt 

Cj8-T$n^K(l-38)) BSJiJ#-^ : 1 
As p-A 1 a-G 1 u-Ph e-Ar g-H i s -As p-S e r -G 1 y-Ty r - 
Glu-Val-Hi s-His-Gln-Lys-Leu-Val-Phe-Phe- 
Al a-Glu-Asp-Va 1-G1 y-Ser-Asn-Lys-Gly-Al a- 
1 1 e-1 1 e-Gl y-Leu-Me t-Va 1-G1 y-Gl y 
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[ 0 -T ;0/f K (1 — 39) ] @E?U#-§- : 2 
Asp-Al a-Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr- 
Glu-Val-His-His-Gln-Lys-Leu-Val-Phe-Phe- 
Al a-Glu-Asp-Val-Gly-Ser-Asn-Lys-Gly-Ala- 
1 1 e-1 1 e-G 1 y-Leu-Me t-Va 1-G1 y-G 1 y-Va I 
(P-r^n/fK (1-40) ) IB^J#-^ : 3 
As p-A 1 a-G lu-Ph e-Ar g-H i s-As p-S e r-G 1 y-Ty r- 
Gl u-Va 1-Hi s-Hi s-Gln-Lys-Leu-Va 1-Phe-Phe- 
Al a-Glu-Asp-Va 1 — G 1 y-Se r-Asn-Ly s-Gl y-Al a- 
1 1 e-1 1 e-G 1 y-Leu-Me t-Va 1 -G 1 y-G 1 y-Va 1 -Va 1 
(?-7^;o^K (1-4 1) ) IE?U#-^ : 4 
As p-A 1 a-G 1 u-Ph e-Ar g-H i s -As p-S er-Gl y-Ty r - 
Gl u-Va 1-Hi s-Hi s-Gl n-Lys-Leu-Va 1-Phe-Phe- 
Al a-Glu-Asp-Va 1-Gi y-Ser-Asn-Lys-Gl y-Al a- 
1 1 e-1 1 e-Gl y-Leu-Me t-Va 1-Gly-G 1 y-Va 1-Va 1- 
Ile 

c^-r^axf k (i-42) ) mzm^ ■ 5 

As p-A 1 a-G 1 u-Ph e-Ar g-H i s-As p-S e r-G 1 y-Ty r- 
Gl u-Va 1-Hi s-Hi s-Gl n-Lys-Leu-Va 1-Phe-Phe- 
Ala-Glu-Asp-Va 1 — G 1 y-Ser -As n-Ly s-Gl y-Al a- 
1 1 e-1 1 e-G 1 y-Leu-Me t-Va 1 -G 1 y-G 1 y-Va 1-Va 1 - 
II e-Ala 

[/3-T 5 o-f K (1-43) ] fE?U## : 6 
As p-A 1 a-G 1 u-Ph e-Ar g-H i s-As p-Se r-G 1 y-Ty r- 
Gl u-Va 1-Hi s-Hi s-Gl n-Lys-Leu-Va 1-Phe-Phe- 
Al a-Glu-Asp-Va 1 — G 1 y-Se r-As n-Ly s-Gl y-Al a- 
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1 1 e — 1 1 e-Gl y-Leu-Me t-Va 1 — G 1 y-G 1 y-Va 1-Va 1- 
Ile-Ala-Thio 

|CBBi-S#^tt»i:Ay^*^$tb"C«b-r, P- Seubert fclCfc 

ifl^fcV* (Nature, 359, 325-327, 1992) 0 -<£>P- Seube 1 1 h tf>S!]^i£ 

[ j3 -T 5n/f F (1-28) tm-tl t 

39) . /3 -T ?B/f K (29-40) , P-T^o^fK (29-41) > 
|S-T^ o>T K (29-42) *>5V>tt/3-T 5o>f K (29-43) K 

jS-T^n^K&aStS-i^IS^ifcSit^S^, JifBOP. Seub 
ert «btf>27i£t3:> J: tWB . *t£?&S# SriKS It 
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KOi^Ct;. m.7kmmi&-?foZ> p-T 5: u^f KN$M, x. & p - 7* 5: 
a-f K (1-16) &f&mmt \^X P~T 5 n-T K(l-40) iSJCtS^lr^ 

Il#§:itt ftjiZELfcP. Seubert bcom&frb &^£*l£ 0 U^b 
<b, tMSI ICS J: 5 &®fc7klft|I*£T&5 p-T 5 n^f F 

^ C «g §15 l£ *f -T & fet # Sr 51 n co X m X YfM L # 5 ^ 2f 5 ^ 14 95 <b ^ T? «: 

mz : t<D#Lit& p-T ^ Kfc*fb-CffiJe>T<£v^3ftittU*^$3fe^ 
ofc»£\ ^tf>#t#2r£^T. #!l;tf»3£ LfcP. Seubert k^^Lfc 

iCiMi-SCiUlJ: U % ^-7?n^ K (1-28) ^iSJetSC 
SrWS&Lfcfcv^SR^ttfcv^ £-7 5; K (2 5 - 3 5) (4, 

^i§$^T^5(B. A. Yankner et. al. Science, 250, 279-282, 19 
90) o ba>Lfc#S>, ^-T^n-fK (2 5 - 3 5) fcSTr 5£vfcfr#M 
U tttt#Sr^vK>Ty^-*SEajElfefcaffi-rsr.i:JJiJ;iJ H p-T* 
(1-28) i:^M^J5S-TS r b KL-KP-T * u ^ h*&mmm 

icfa^afrmfoicmm ^nz>&.&mj&m*m&vtib^ bn^\±^< tt^ 0 

K (1-42) *S±JC«:*L^ -;frJ»jfMf tUtt /3 -T 5: 
n>f K (1-4 0) ^^^tfc*-T-5 (T^n^KTyWf-) - <t 
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/Wt7^i/j/^7 (Arch. Biocbem. Biophys.) , 301, 41-53, 1993) 
„ £fc. P-75b>K (1-42) s /S -T 5 cz ^ K (2 6 -4 2) s 
^-T$n/f K (26-43) , -7 5 a K (34-42) &if©C 
«g«fR^Sr^tf^^ K#«iftot, 7k?§ttO/3-7 5 n^K (1-4 

0) fcif©tt#*JB< £ £fcifj&S33*ift£ft-rv ,k S W*^5^M)^ 
(Biochemistry) , 32, 4693-4697, 1993) „ I(Z)j: j8- 
75 o-Y K (1-40) t P -7 5n>f K (1-42) £ 02t5f #5£<D 
ffil^7;wy^-f-r- < i4tTv^5i:f i ^^5>o VTz&o 

T. TW^-v — mo^mteftO KlttU |5-7 5b^K (1-4 0) 
K (1-4 2) 4: frtf&ft < #J3iJ5£*1- 5 r 

ftcomfe& zmm-i- z z t * s & £ -r 5 „ 

M^bfco tit, £ fctilWSfiSrfTofcJg^ *»W*^jat5CIo 
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-return . i^y^n-t;^^iit§/^^y k— r«Bia, & 
(r/u^-r-^— mt£¥<D&mjjm) tits. 

$ bCPKIl #»91*£>tt:/8-T5 n/f H (25-35) % /3 -T 
^ n ^ K (35-43) „ ^-T^n^F (1-40) fei0^-7 5n 

K (1-16) ^Mli IT, ^y^n-t^^f^it, 
n^bSrilft^^^Sr: £ J: U , /3-T ^ K (1-2 8) 

25-35) „ /3 -T K (35-43) fei^^-T^n^ K (1 

- 4 0) Sr^gglRi UT /3-t ^ o^f K$fcli^og|^©CJSSiiS:I 
m-i-Z^S * v—Tsl-ttte, ««Jx.(lBA-2 7a, BS-8 5a&J;Tj; 
B C - 0 5 a SrJtSlbfco -tftfctf) 5 *>, B S - 8 5 a £5 «fc IFB A - 2 

7 ate, mmti>tcp-T p 5M^^^ao^^t*«v>-r 

fe-f , j8-T 5 n-f K<0N«8*& (^-7?p^K (1-16) ) 

BAN-0 5 2 afc x it;BAN-5 0 a £ la^^ip^r & r i £ V. P 

#5ii:^?g^i^ofco BC-05aiBAN-50a^|l 
^tMtrfcl^ K-f y^--*ffijWJ£ifett, |3-7;n^ K (1-40) 
i^^t5:i:^<, 7^y^-7-^IfOl^iiaife4 3 © 0 
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*H«©^t*»lolt ^-7?o>f K (1-40) 

K (1-4 2) i:Sr^^St-^SU^*-rsr ^dS-e^r^^^ y 

f^ife!rlttt5 CI bT-foZo -Tft:b*>, BA-2 7 a irBAN- 
0 5 2 a4fcttBAN-50ai ^m^t>^:ti^ > K-f y^-jgiifc-C 
tt^-75c/f K (1-40) Sr^ttJ-et Z&p-T5> xij K (1-4 2) 
te^tB L&V^ lf:BC-0 5 a iBAN- 0 5 2 alfcttBAN-5 
Oat ^Jia^^t>-frrtir-^ K-T y^j6*8feT?H:/5-T ^ oxf K (1-4 
2) ^^5^13-7 5 13^ K (1-4 0) ttlfettiLfcV^ £ b K 
BS-85a£BAN-052a IfcliBAN- 5 0 a &U.fr&t>& 
fciT-^ K-T yf^lStii^-7^ n^T F (1-40) ^it/jS-T^n 
>T K (1-4 2) STtfeffl-r-Sr Ufe^ 0 x, 

n-T K (1-40) t^-7?n^ K (1-42) £ £ ffi (-^EQ^ 

«J RJ£ -T S r. <b & £ -T 5 UK W . 

(2) m^dSgH^lJ#-f- : S-V^fl^T % / mSM^m-r^m^^^ 

I^U^rilr#fit5I (1) TOftoSLfr. 

(3) $i;#a s Eyu#-s- : 8T?*sns7 ^ /mm.F}&^-tz>n%"<^<?- 
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(5) ^^^^o-t/Wfcsi (i) ftv^u (4) mmM<D 

(6) Jg (5) «**/^n— ^Hft^Srifi^-rs^^y K— ^JHB 

(7) ia?y#-i§- : 7-e^$n5T^ ymmm^^-r^^^-^f- v&x 

f Klrmt5:i:M^t5^-7^n^ K4fctt*©H*ftON 
CIHoSb^^t*^- Ki:#l^lc5f£:t5BAN-0 5 2 a -cs^ns 

^ J >7 n — -^v^t^, 

(8) 1H^J#-^-: 7-C^$tL5T ? / M?U£^i- K#<fc 

«8«0>SB$^^ KtC#^Wt^KlSi-5 w £ &^it5B AN- 5 0 

(9) ^ ( 7 ) SEftO^y * a-^^tt&B^-rS^^y K — ^ 

do) m (8) ^iB«o^y ? u—i~,i'$ii£&m±-rz>^'{zfy k- 
(12) * n-^/i^*re&5fg (ii) mia^ofet^. 
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(13) m (12) mmm^y ? u-~r^m.fr&m±i-z>^^7v k- 

(1 4) (1) % m (7) , $ (8) &tztem (1 1) ^Kgc^fr 

&mmt-rztitiki&tp<Dp-T^ mitten commit 

(15)1 (1) mi£M<DtrLtek, m (7) Sfctefg (8) 33IIBife<D£t 

(i 6) m (i i) 3Sia*©0i#t, » (i) % * (7) ^/c^m (8) 
d7) r/i-y^«( -?-m<D&miz.m\<^tiz>m ( 1 4) ~ u 6) ^ 

_hIB (1) •£ LV^#m N 

(18) |3-T^^ K^IH?U#-f§- : 1 , IH?U#-*§- : 2 , ££!*-!§- : 3 , 
IH^lJ#€- : 4. fE?U#-§- : 5 * fcttgB^J#-^- : 6 T 5: / RgB 
&\*&-fZ>^-3'^W3bZ>m (1) JgSB*£>*fctf:. 

(19) ^-T^P^K©iW E3«# : / t 
IB^iJ(D^2#@~4 2# @ OT 5: y^iE^JSr^i-S^^^ K> iB^J# 

2#@ ©r 5: y mmm^^-t^^^f- P^fcia ie?ij#-s§- : 1 ~ia?y# 

-§- : 6 T't^57 5: /^SBJiJ^fe^l #@~ 1 6 # B <£>T 5 7 ME^J 

1-5-^^ K-efc5Sg (i) ^laftofei;^, 

(2 0) /3-T 5 n-T K* tt-t Ofiigffctf) C <MU <7) 7 s ^ K©C 
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(2i) *L^^@a^y#-^ : 7T?*sn5r ^ y«siB?ijsr^ri-5«p^7' 

^K&SBfl*L*v>C ilrtfitS^ (1) , (18) (20) 

(2 2) «:fl:^iS^J#^- : 8 xm $tl57 ^ 7 MBfllSrflTf ZUft^y 
f- KSrW«i-SC (1) , (18) (2 1) 3® 

(2 3) ^tfr*SE^I#-S- : 9"C***t5T5 yfMaWSr^r^-SSP^^ 
f K^iat5Ci^#f ttSI (1) . (18) ftVAL (21)5 

_hlB (2) Uvn*8«IH: % 

(2 4) : 8 ^ ti 5 7 ^ y 1 5 ^^/f Kfc 

^-7?n^F\ m^m^r : 2T^$tl575 / ^J^t^ ^-7 5 
Kfcit* (£fc«:) fB?U#-J§- : 3 ^$ii57 5: /mWM^-T^ 

(2 5) IB^J#-^- : 5ti^57? /mMM^-T^ -T ? n^f K 
^ltt?»;i^f J:t5f (24) 5SB«(7)^:#:-t?fc5o 
-LIS (3) uv^*im> 
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5 0-7* 5 n>f K, m?m-%- : 3 tS^57^ / g£I2?U £ -T 

5. 

_blS (4) <^0* uv^mte. 

(2 7) 1H^IJ#^- : 8tt^il5 7^iE^^t5^/f Kl: 

(2 8) T/vyM^-iifoi^aaiii^ctsns^-T^ n 

^-7$n^KT^5l (2 7) JSfBife^ffcfc £ 

(2 9) ia?iJ## : 1 tt^5 7 5 /mmWZ^irZ p-T 5: n K\ 

l^^^i-"-^!! (2 8) ^fE*fe<^#-e& 5„ 
_LIE (5) UV^mwu 

(3 0) BA-2 7atg*^n5l (2 4) (2 5) aKfB^tf) 

(31) BS-85a T*l^$il5^ (26) mm^<D^r / ^ n -^rvv 

(32) BC-05a ~e«l^ £ *L 5 (2 7) L. (2 9) ^f5«<£> 
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^lCi5^SlCiV^t,ti5l (1) fcv^U (5) 33£ZPm (18) * 
VNb (3 2) 3®|SSO$t^^0* LV^ 
±|B (6) <D&?i LV^«tt % 

(34) fg (30) ^fB*Hr/^n-^£t#£S£1-5'N^:/y K — 
(3 5) # (3 1) ^fEife(75^-y ^p-«Mi4t5Wy!J K 
(3 6) ^ (32) T%mm<n*S * n"t/«^I±f5^y U K 
_t!E (7) £5J;U* (8) coitj-'g. LV'iHi LTfi N 

(3 7) /3-T 5: n^T K^@E^J#-§- : 1 s IB?IJ#-I§- : 2 N ■: 3 „ 

BE^J## : 4. iH^J## : 5 * tc f:±I2?iJ#-i§- ": 6 "C^ $ *L 3 T ^ J IfeB 

m*m-rz>'<7 s ?'V-eihz>m (7) (8) mw.m<o* y ? 

(38) |J-7$n>r KO«»ft* WM*^ : 5 $ tlZ> T =• y & 
1H^IJO02#@~4 2#l©7? h\ IE?!I# 

~4 2#B^>T?/iftBB?US:^ri-5^^KTS)5m (7) (8) 

(3 9 ) jS-T $ o^T K^fctt^^fl^ft:©^^ hM y^«fe**ftae» 
5tfefc:J:S£*U:/BV>kjh,3& (7) , (8) , (3 7) Sfcri (3 8) 

_hlB (11) <Dffr$. l,\,^mmb LTtt, 

(4 0) jS-7^n^ KaSf2?lJ#-§- : 1 „ IB?IJ#-S§- : 2 N IE^!J#^- : 3 , 
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m*#-tz>^7''7-y~?$>z>m (11) 9l!e*£<D*n:#, 

(4 1) ^-7 5o^FOiW BB^IJ#-^ : 5-e^£*L5T 
SE?iJOSg2#i~4 2#ltf>T ^ /MiB^JSr^r-r^-^7 P ^ h\ ia^J# 
# : 5 T*m£ivZ>T 5: 7 ^SB^JOSg 3 # @ ~ 4 2#|©7^ 7l£fE?iJ£r 

KT'feSI (1.1) :»lfE*tO£i#, 

(4 2) p-t ^ u^f FtLtitezcDmmft&m&m^ ■■ 1 ~is#j#-f§- = 

^^^K-Cfca^ (11) ^fB«<^^, 

(4 3) p-t ?l \?-£.tcfez<Dmmfc&m : ?m-%- •■ 3x^^57 
/ mmmfr hm iti~i6t s®7?/ mas^u £ fc«m 1 s @ ~ 1 

1 (id mzm&ijzi*. 

h*&mn-tzz t&immb-tzm (id , (4 0) #v>u (4 3) is 

(4 5) )S-T 5 K£fcte^<^2||#tf)-tf-^ s> ^Sfei^r&^iHI 
£3 5£*K:ffi^<b;frSJg (11) , (4 0) fcwb (44) 3S1B 

_hfS (12) <D£dP^ L-V^iymi <b L-Tti, 
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(4 6) BP-90 aX'MTFZtiZm (12) JSIEScO^E- j ? u 
_L1E (13) LV^lHi: ITIi, 

(4 7) jg (4 6) ^ia«fe<7)^y ^n-^-7^^^m^-r^^-r K 
_hi5 (i4) (omtL v^mmt ttit, 

(48) (1) , Jg (7) , m (8) £fcteSg (1 1) ^lElc^mtt 

jbiE (is) (Dm-^L x^^mmt 

^CD-^aSfg (l) J%mm<?>mfrX*&V . «7^IE?IJ#-^- : 7 £ fete: 

: i o -e^nsr 5: snmm*m-rzi$ifr'<z7°?- K^isa-r 

(5 0) ia^lj#-^ : 7 *^filH^J#-^ : 1 0 "C^ $ *L 3 T 5: / MiH^lJ £ 
ttS^^T'f- K«t5WBAN-0 5 2 atfcttBAN- 
5 0 a T^^^tt^^y * ci-^-^frT*fcS^ (4 9) JHE*fc<£>?£* 
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Ztltz 0-7 S; n-T FiZtt-f Z$Cfc<D—-%&B A - 27a, BS-85 

BAN-0 5 2 aSfc«BAN-5 0 a T?^;^ § H 5 * y ^ n — 
fl^fcSIB (4 9) «fB*tf>£*ifc* 
(5 2) fifrJifc^teLfc j8-7 5 Kfc*f-f«#t#fe J;i;*M 
iS tit' P -7 5 u-f 3£t#<£>— ;£j&SB A- 2 7a "Cg^S *b5 

^E-y ^ a— 7^^t^-e*> U „ i*i5BAN-0 5 2 at 

?y#-§-i 2T^$^^T^ymis^ijir^ri-s-<y , ^F\ 1B?IJ## : 3-e 

St£;ft,5T 3: yUE^JSr^Ti-S^^ K£«fcl* (Sfcfl) @S^IJ#^- : 5 
-VmZtlZT 3 y (4 9) 3SI5«©S 

(5 3) fifr±l«fttfc^-7 5n^ FKM-rZ>ffi{£&£X*Wmt 
^nitfi-7 3'a>f K^*fi-?>^t^cD — ^-^B S - 8 5 a X~m^£*(>Z> 
^y ^ n— 7^^tfr-efe U , i^i>BAN- 0 5 2 a IfcttBAN - 5 

<DMmi£&m?m-%r : l -e«$ix57 ? y ^iJ5rf t^^^ K, EH 

■ 2-<*&£ti,z>T $ swtmm&frtz^y?}*. mrnrn^- : 3-e 

-C*£jH,5T 3: y ^iB^JSr^i-S^T'^ KT*fe5$ (4 9) ^ie^co^ 

(5 4) Sf±l^™bU^-7-;p^ Kte^5ffifrfc£tf«*ll; 
$tLfc )3-T 5 n^T K{£*f^5£vffcO— ;fcr2SB C - 0 5 a 
^/ ^ p— U „ i^BAN- 0 5 2 a ^fc(4B AN - 5 

o a x*w^£3nz>^ y * ?vHft#-es> y , ^-7?D/f K^^te^e 
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5Sfl (4 9) 3®ia«<Z>5£*85T;fc3. 
±IB (16) (Om^^mmt LTte, 

(5 5) fiffJifc^^kUfe/S-T =• n>f K*fctt*©fli*#fc>r*-$ 

mtev-jj&n (11) 3fisa<feofifcflc-efcy, (l) jsibso 

$Lfc$.tzttm?m^- : 7 ti u< teiaju#^- : 1 o-e^^tv^T^ /he 

(5 6) mmm^'- 7 $.tztem.?m-%- ■■ io-Q&znz>TxsmGiM* 

KSr»«i-«fit#36SB AN- 0 5 2 a JfctiBAN- 
5 0 a tl^J^lS^ / ^ D-t«-Cfe5f (5 5) ^fE*c05£* 

(5 7) a^±tC^bUt^-7 ? n^f KtCSt-rsStflcfe ZTfW&Mt 
£tltzp-T 5i Kt*ft5S^©-*^B P - 9 0 a T?^^$^t^> 
^E-y ^ C2— -JvMKffc-efc I) N m^^B A - 27a. BS-85a, BC 
-05a, BAN- 0 5 2 a S'fcliBAN- 50a *T?«^ S tu5 ^ / ^ 
n-«#tfc5i (5 5) JSfEi&05£*au 

(5 8) fift:±tWl:Lfc^-7 5 n>f \?lzM-tZ>tfift&£Tfm%&{[: 
£fttzp-T ^ xi A YK1fi'ir%>5jifc<D—j5l> 1 B P - 9 0 a 

^ n— ^/HTilffc-efc U > WBAN- 0 5 2 atfcliBAN-5 
0 a -e^/T^ilS^y * n— ^-/u^iflsr-eJb U , £ -T 5: n ^ K^fcte-?: 
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m^-^ ■ 2 -vmztizr k / ^E^j^rtts^/f - h\ m^m^ ■ 3-e 

^^•-TS^^^ K-e&5fg (5 5) JSIE^O^*&*5J:^ 
(5 9) fi#_h[c^^>ft:bfc^-r Ki£3tf^3^#:&J:tfSiffiMb 
/3-T 3: K^*fi-5^C0— ^^B P - 9 0 a T^^tiS 
^/ ^ n-^-7^^T*& »J „ TOBA- 27a. BS-85a 
B C - 0 5 a -^^£3x5^/ 9 ^—-T^^WVh V, P -T F 
*fc«-^^)M^^^iH^J#^- : 1 ~SEJU#-i- : 6 -C^^tL^T ^ /^iS 

r^y ^is^ja^Jm ufcT 5: j mia?'J£^-r 5^?°^ Kt?fc<5^ (55) 

— ^JM<£>5^>> BAN- 0 5 2, B A- 2 7£5£t5B S - 8 5 H^JEifc 
4^12^22 B^ibMffl&A^IIW^ (IFO) ^Uf^5 

^1^7 b frbm&mm^jiM&ffi&^iL^mffimzzm (ni bh) 

{C^T(^^:fe#-^T'^ £ fix ^ So 

^-r^y k— ifo ferm-bp(nibh) 

BAN-052 50386 4138 
BA-27 50387 4139 

BS-85 50388 4140 

•&it, ^mmxn^nt^^^zfv k— -^mmo? ban-so « 

*M5#1 J! 8 B*^e>WfflifeA3B»W953f (IFO) tLT«5 
f U27 B3&>feaiSK||64fX*ailfKfe#X^a«W3fl59f (N I BH) 
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-f V V — ^MBfe IFO FERM-BP (NIBH) 

BAN-50 50390 4163 
Sfelil, *»WTf#?>iifc^>fy!J K— ^mm<D o BC-05J3 

*£&wm&m (nibh) t^^T«>Sfe#-^"c*te$tbTVN5 0 
k— -ninas ferm-bp(nibh) 

BC-05 4457 
BP-90 4458 

: nit sxTv^y^ \?<dt x smmwzm'ro 
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(1-28) 


tmmm^r 
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r 5 




(2 5 - 3 5) 




9] 


/5 




T 5 




(3 5 -4 3) 
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1 OD 


/S 
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K (1-16) 


CSB?iJ#-^- : 


1 1] 
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K (17-28) 


CIE?U#-J§- : 


1 2] 
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5 


K (18-28) 



^TOJ^ttS /3 - T 5 n>T K (1-38) , IS^J#^- : 2 "C^ $ 
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^5T5/^SE?iJ^tt5^-7 5nY K (1-3 9) , gH^J## : 3 
T?^ $tb5T 5 / ^BH^iJ ^r^-r 5/5-T$o>fK (1-40) . IE?U# 

■g- : 4 -est*ii57 5 ymmn^ir^ p -7 5 »>r k (1-41) , 
ia^j#-^ : 5T-f §ti57? smumzm-rz p -75 p^k (1-4 

2) *.fcteB2?lJ#-i§- : 6 -C^$tu5T </*BB?0«r*i-S £ -T ^ 
K (1-4 3) tzZ&m^bfl&o 

K©Nffl«P97 5: y Wi&Zrtl^tl 1 7a^a^^:^Ufc 
L-T X^^^f^mtf L ->T y7^^7^r^i, D-«f y7.7^7^^ 

$ti§7^ y ^ie?u<z>S!2#i~4 2t@©7^ y Kia^isr^r-rs^^' 
©^4fs-v.4 2#e<7?T^ ymsB^isr^r-rs-^^^- k\ e?u#-5- : 

1 ~Sa^J#-^ : 6 T*t$ii575 y g*BB?Ua» <b % 1 # g ~ 1 6#@07 

5: y ^ih^ij * fc l # a ~ i 7#g<z)T$y &iB^J2*:fc#n l fc r ^ y 

mMm^-r^^^- K (fclfcfi, /S-TSn-fK (17-4 0) , jS- 
7^n^K (18-4 0) t£ ^ # ffl V ^ *L S „ C;ft,bOj3-T5 

i#fL«j^J; U g *n O MM "7 $ w b 5 £fc7fj|£<7}^ 

f- Kir LTtt, 0!l;tfc£ 0-7 5: n-Y K<DNffi©7 5 /ii»P>»x.t 2 5 
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K (1-28) n-f K<D N^li^gfl^? 0 ^ K) 

(i) IE?U## : 8 &£^IH?IJ#-S§- : 9T?^£;h,ST$ /MEyUSr^-t- 
Sttsa^^K (i"*to*>, K (2 5 - 3 5) ;B«fctf/3-T 
5n^K (35-43) ) Sr»»LftV^ft, 

(ii) se^ij#-b- : 8 -e^stbsr s: smmmz^-t ztoto^z??- k (-r 

fcfc>*>, •/»-7 5B>f K (2 5- 3 5) ) £fS!£-r5£i#. J; »J U 
^-T^o^K (25-35) ) Sr»«|-r«^, IE?iJ#-5§- : 9 T? 
K (3 5- 4 3) ) SrWttUfcv^ft:. 

(iii) m?m-%- •■ 9-?SSti57 5 y»E?9«rtt5U^^ K ( 
i"*fc>*>. P^fK (3 5 - 4 3) ) «r«B«H-3£t#:, «k U 

|S-7 5 p-Y K (25-35) ) SrfSfflRLsfcV^ E?iJ## : 

9-e^^tbST^ y mm^^-t^U^^f- K (i- £-T5 

n-r K (3 5 -4 3) ) *MWl-r2>W.ft%:¥*m$. Ll^ 

_lie (i) (D#i#i<Dtp~e$j^ ■ i -r^stisT ^ smmm* 

m-t 5jS-7> K (1-38) , IE?U## : 2 $ ft 5 T $ 7 I£ 
IB^'J Sr^-T (1-39) £5 <£ V- ( * fete) IE?iJ#-^ : 

S^^tlST^/tE^JIrttSlS-T^n^ K (1-4 0) 



- 20 - 



WO 94/17197 



PCT/JP94/00089 



?lJ£3T1-5 j8 — T ^ o (1-38) , IE?U## : 2T'$^575 

ymmm^^-r^ p -r =• k (1-39) % sb^ij^-^- : 3x«t^ 
57-; smmmzm-tz p -t 5 o^r k (1-40) , bb?u#-8- = 5t 

t$H57^1E^J^tt5j3-7> K (1-4 2) SrfBJfc-r* 
£7c. _LIE (ii) <D&fc<D*$X*j, 1H^IJ#-^ : lT^$Jl57^yt 

mm^m-r^ P -T % *4 k (l-38) . se^j#-^ : 2 t-^^st 

^ y g£IE?U %^~fZ> P - T % n F (1-39) „ iH^iJ#-^- : 3 * 
Jh,5T 5 £ -7$ n-r K (1-4 0) (£7cte) 

iB^J#-^ : 5-V&£tlZT * ymm&l*mi-Z> P -T $ K (1-4 

2) zmzmwL-rzttVfAm* lv>. 

£*>^ _h|5 (iii) <£> 61 7/nyA>f-r- ^Jfe#©JK^ 

y KEJUtttS £ -t$ o^f k (1-4 2) ) *m^m%&1rz>iji 
£— T^n-fK (1—42) SrlSfrrS^ IH?U#-§- : 1 Xm&tlZT 

y mmm%#-t-z> p -t 5 c^-r k (i-38) . ia?y#-5§- : 2 -e^$ 

^575 7 ^IB^JSr^Ti-S |S-7?n^ K (1-3 9) J: T^I5^iJ#-?§- ■ 
3X«m£ftZ>T^ymmW$:m-i-Z>p-T^ u4 K (1-40) trMft 

_hf2 ( i ) COtfZfcftttmWt L-T«. BA-27a -?«|;^ £ 2x 3 ^ y 
^a-^^^;#:^fctj, _LfB (jj) (Dm^<D^M t VX te, BS-8 
5 a Tf^^^tL^^y ^ n-^/^^C^^fc »J , -hfS (iii) (D^^<D^. 
^iUTtt, BC-05a. BC-15a, BC-65a, BC-7 
5a, BC-55a (#{£, BC-0 5a^l^) Tl/T^tlS^ 
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y ir n — -^jV'Im.W- 3& s £> -5 o 

K (1-2 8) ) (£fcte) @B?IJ#^- : 1 0f*^57^ 

^lE^J&^i-SSl^^:/^ R (jJ-75B>f'K (1-16) ) SrlMi- 
5^y u — -^A'Stfl^ffiV^ns Afrl&MteB AN- 5 0 a , BAN 
-0 5 2 a, BAN— 1 1 a, B AN — 3 0 a % BAN-2 0 a, BA 

n - 4 o a -cm^^ti^^e ; ? -^St^&^&sa^ ^iiban 

-0 5 2 alfcttBAN-5 0 a T'l/T^S^y ^ o — -Jvi^ffcj&Sifc 

ib^j#-!§- : 7 -e^£*t3T 5: y wtmrnz^-t zuft^-y?- K^m^-fr-r > 
: i 2 f«^57 ^ y mis^^-rs^^:/^ K^mifi-r 

Sfcift: (£?£b<te, ^y ^ n— -tjistfim ftif^v^tuSo rtit 
^xteO&j^t 5 ^ IB^JS-^- : 1 ~@B?iJ#-§- : 6 T?* £ T 5 y ^ifi^J 
3>£>|g 1#S~ 1 6#@©T ^ y mia?ij*fctef? 1 #g~ 1 7#e^)T 

i#g~i 7#@©7$; mmm^xtiu ufcr ? y msa^j (sh^j# 

1 2©7^/^iJ) $rtt5-<yf K^ttiat^Kft^^^ 
bl^ ^ffcltt^te. BP-Ola, B P - 0 2 a . BP-03a £fctt 
B P - 9 0 a X*m^ &tiZ>*r; 9 cz — -^/H^ft if ^ffl V^£> 5 0 wtt 
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/ ? u—1r;V$tf£<D 5 BP-03a ^it/B P- 9 0 a 
(1) ftJRoiMg 

5) c 

;ttfE?U#-J§- : 6X^$tt5T 5 / ^IH?iJ%^i-^> j8 -T 5 n >f K (1 
-4 3) ft if *7 5 / ^7^^— if 4 ifox 

*y7nf7-ftiUN5l5«fiJ:tJ5 (*fcte) c*«^Jii#djn7k;5> 

o/fK (1-4 3) K-<^^y-if(c «t U An*$H5l LT** 

"otuSgB^:^ K^T^tt-ttufeoiS^ft ^fasffiv^axSo ^o^^ 
-CjS — T 5 b^K ( 1 - 42) ?:#SLfc*^, SSi&eplc P — T 5 n >f 
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K (1-4 1) &£Xfi 13-7 5 n^K (1-4 3) ^S-^U 

p-T KttJRiW— ©*3t«:5ft-r5^0^ j3-7?n^F (1-43) 

*ffi^«ftov^f nit J: o T t»at 5 1 ^ ^t»t 5. JUfri&fc. 

^7*f M©*i£tLTit #H;U:£B. Merrifield [S?* — "TvV 
:/ 7>!J*y ^^A- (J. Am. Chem. Soc.) ,85. 

2149 (1963)] > M. Bodanszkyfc <£ XM. A. Ondetti C^^^ K ->>± 
— ix;* (Peptide Synthesis) , Interscience Publishers, New York, 
1966^] „ Schroder;££7jq,ubke [if -<Zf^ K (The Peptide) , Acad 
emic Press, New York, 1965^3 . AMlt^ftfe (^^^K^OSii 

3»,':Mf, 1985^] % ^if&Bj^J;^lt¥ [4ft¥**«H, 

^^^^®(D>fb^IV, 205, 1977^] # if ^1^*1,3 0 011*. tf, 
iaU-7^n^ KfcSV^a j3 - 7 5; n K Pit 7*^ KSr^sSc 

if) ©firixa^Jtfll&SrJBVV j3-7 5n^ K&SVMijS - 7 5 Ki 
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A-^ ^ 7^?^^*Cfl)-*^Wl'illOB z 1 SfM 

^^^Ogg^»^i5V>-C. 7 5 7if^l§tt^t5I^ IUPAC- 
IUB Commision on Biochemical Nomenclature iZ. <£ 3 B§-§-$> <5 
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n&bisXte. eg r>-^^ % t his t*<Dm$iW}m<7>]hmT;i<zf 

m-fZ vxVTyffc^^it^^teb'cDifT^-VJ^ik&gd, T5: y^iif) 
-2, 4 -i?<4 y~>T*— hteZW* y^r*— Vik^m, Tiir—>\> 

075/SC^ftify^i2rtt5ffitt3:^f/HtI (08*.tfr, S 
(2) ^/^n-t^KftO^ 
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-fjs, *e/we<yK ^!7*, 7^h, t5"^ ir^r, s7 h yfc£T#*> 

m&,m<o 2-5 0^(cj»jn*fc^ y wapsrsufeu, -enfet^^tbs 

/V^^-f l/(Dj5%k {^4=5-^— (Nature) ,256, 495 (197 
5) ] % z> 0 M&femmk ITS, ^yx^uy^y=- 

(PEG) -^ir^-r *^^*fc2?3S3feJf &*U<liPE 
GJfcafasjBV^ixSo #ttffll^fflJ^ i: UTfifc. P3U1, 
SP2/0, AP- 1 btlZtf, P 3U 1 fc£fas#£ U<flf 

^uv^it^f*, mmti ■ 1 — 20 : im&T*hv. peg (£?£u<ia 

PEG1000 — PEG6000) ^10-80 $ 
ft, Mm 2 0 - 4 0 °C, £?£L<«:30~3 7 "CTaiS? 1-10 #K>r 
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ftfiiw^©^, ffi^^&gg^n^y ^i;fr#/i!v^<b;fts) £fc 

V*?J 2 *—r/l>&Z4£(DM%L fSiil^HAT (fc^^rf-V^V, T 
^^ry^ fv^) ^»LT, 1 0-2 0%^J&^jfcfi?Sr^tf ■ 
»«&*W*&JB*&*fi R PM I 1 6 4 0) TftrfcftSo K — e 

deae) {z£zw.$&m&, mm>b&. r^zmm. ftjsusg-Hftfc* 

M^i-^^-T^y K — -^33 cfc'CFs /3 - T5 Kt ^^i^i-^^^o — 
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^±©ct b t£u-c#<b*i5 *mw<op-T ^ c^r \? Hitter com m 

BAN-0 5 2 ati/7^tl5 ; ty^o-t^, B AN - 5 0 

i^i^LfciM^-r> xx ^ v£t£i'±z:<Dmmi£<nm&&mm 
t5 c b&&mt~rz>&mmtp<o p-t ? K*fcra*©«*ffo3e 

(1-2 8) ) &«fcTJ* (£fcte) iB^iJ#-^ : 10tt$n57$/tE 
n^m^-^>^^y^ K j3 - r 5 n^f K (1-16) ) £ 
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(3) &ft±i£7Fmi£Vtc n>f K£ fctt* ©Stifle Ki^H" 

■T 6 ^ KCtl^fCS^tS £ i MifSWBA- 2 7a, B S 
-8 5 a tfc(iBC-0 5 a tl^^tiS^y * t= — -Jvv^fcflc-C f > 

)5-T?n^ K (1-2 8) ) fcj:t* (*fctt) SB : 1 OT*t^ 

(1-16) ) OTtSWBAN- 0 5 2 a SfcttB AN- 5 0 

£l#3*B P - 9 0 a -e«^$tv5 ^ ^ — 
JilBcD^*^ (2) ©ftt, #K 

j3-T5nxf K^fctt^^^^^f-^fi-S^t^O— A - 2 7 a T? 
«£^£;ft5^y * a— #t flee £> »J > WbaN-0 5 2 a 
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BAN — 5 0 a X*M7F£tlZ>^ S 9 n — -T /vtfifa'X* £> V , 0-T 5 o 
K^iH^!i#-i- : 1 . : 2 % IB^J#-*§- : 3 * f±BB?U*# : 4 T? 

/S-T 5 K*fctt-t©«|«ft:^^i-5Jlfcfro-^36SB S - 8 5 a T° 
#^£*L<5^y ^ n — V % ffi^BAN- 0 5 2 a £fcte 

BAN - 5 0 a "C^^ £ ^ y ^ n — U > (3-7 5 n-f 

K^E5B#* : 1 , IB?U#-§- : 2 , E?!l#-§- : 3 * fcttE?U#-S- : 5 "C 

#B C - 0 5 a T'l/T^tlS^y ^ n-t^fr-Cij!, U , I^BAN 
-0 5 2 aifciiBAN-5 0a StbS* 7 ^ a — ?"^tfiflC"Cft> 

IK j8-T 5 u^C K^E^U## : 5 t'i^5 7 5: y »E^JSr^-rS-< 

_bIEW^*& (3) tf>*-efc. #lc 

p-T ^ a>T K 3 2FdSB P - 9 0 a -C«jj*$*L3^-y ^ 

^/Hft^-efc U , fe^^BAN- 0 5 2 a tfc(4BAN-5 0 at 
S^£*t5 ^y * ^-/i-£t#:-e£> fx /3-T 5 a ^ K * tt^t 

mm^m-^r ■ it*$^5r $ y»E?usr*i-*^^K, E3i#-& : 

y MiH^iJ^W-r^^^ 0 ^ H\ ie?ij#-§- : 4 -e^^ixsr 5 y ^IBJIJ 
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p-T 5 n>T Kt»t5^fr<D-^^B P - 9 0 a xm^^tl^^y 9 
n— ^/Vfet#:-C$> U % ffi.^^ B A - 2 7 a , BS-8 5 atfc^BC- 
0 5a -e^^^tl^^-/ 9 >J, /3-T 5 n >f KSfctt 

fg l l 6#@cdt5: /MH^mfctegr 1 7#§cdt 5; / 

:£3£^£>£i;#te/3 -75 u^f KSrWIfc-*-* Z b&X*£ %<DX\ P -T 
F ( a b ' ) 2 > Fab ' fcSV^iF a b if V^TT «fc V"» 0 
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LTtts j3 - 75 n-Y K (1-40) ^Mli LT^lLfc^y ^ n 
-t^9t#©5^ p-T5o-YK. (1-28) i^HJ6tfeV« 

W&-fZ $-JS^? Yisf—VnmtP-T 5 K (1-40) SrJB 
V^^^PPf^feS^Sxtcm^T, 0-75*^ K (1-28)'^ 
^HSi^UJfc^ofc^, |3-7 5p-Y K (1-4 0) £^J&Ufc (B/ 
Bo =0. 5 Sr^SfctJKM^ : 2 0 0~2 5 0 nM, 40~50ng 
/well) „ $ e>^ N 3 P -7 5 n^r K (1-16) Sr^feiKJSi: U 

xf^Mb/t /3 -7*5 »>f K©N*sfla<o«5^^'7'^- KSrwai-rs^y ^ n 

— rfistiAfc<T> 0 #KB AN - 5 0 atfc^BAN-0 5 2a £ «L3* 
Uffi^S(-S0^t?^5-^dS|gf,^i;^ O 7v (tfefctug£ s o. 2pg/w 

eii) 0 1- *&ww> iy^mmm$L&mfemzm^tz p 
-t 5 xx ^ v <o cmmcon^-^f- YizwmmizKj&'tz^r s ? * — -r 

;«©HIi:Lt, /3-75n^K (1-40) U 0-7 

5n>TK (1-28) SElSSJCS L.3&v>^-y ^ n — ^-/wjltflcds^jg _ 
V^ftSa** ^li?>©^IMf /8 -75 o^f K (1-40) 

- 2 7 a & if fb *L 3 D 
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p-7?o^K (2 5-3 5) &*ffiJ»^ LTftMRLfc&##8PSl 

S:5atSlfe^Ufco CttfcOftfftt, tlt5jS-^f7^ b^-fi 
Hfcfc/3-T$n^K (1-4 0) £m^t£l^?£ogim:fe;g^i£^;b N 
VNT, jJ-r^B/f K (25-35) kRl&V (B/B e =0. 5 
^lSKJIM :20nM, lng/tell) , |5-75n/f K (1-40) 
£ &SJ&U7i (B/B. = 0 . 5 Sr^x. SfitJRft^ : 8 0 0 nM, 16 
Ong/well) o ±!LfcBAN-5 0 a$tttBAN-0 5 

pg/weio o *z£m<D-v->- k^t > ^fe^m^ssy^^^^ 

y ^ n— IT, /S-T^n-TK (2 5 - 3 5) tc^t^^/ 

^ D/ f K (i-40) Kiffi«fntt-i?*>5j&5iw:ft^o 

BS-8 5a£BAN-50a fc5V^[iB AN — 0 5 2 a £ £ 
^a^'g-^-frfc-^V K-f y ^SVMiB A - 27atBAN-50a 

fcSVMiBAN — 0 5 2 a k &m&&ibl£t~D- ^ s^&lc&^T, 
^-T;n^K (1-28) £ ©XaEK^ttttR* kixfc^o fc e 

T«u |3-75n^K (3 5-4 3) Sr&^fC t Utf^l Lfc£t#aS0 
vtl8HISIU„ *^tt4tS©Stf|j:, 
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-fIift]5-75n^K (3 5 -4 3) * Z>m&m<Dmmfimm 

— „ 2 6 7t, 17082-1708 6 S?, 1 9 8 8^) ti»j7 
;v^v-jl!J6tJB*^aiiJUfci5-7$n>f Kpj^- (^gBftW6&) 

(1-4 0) £teSJ&44£^£&a>ofc 0 ^ii^O^SrBAN-SO 

-rtA^OJK^lftttm**©^ -75 -aJ K**««t*tHt, /3-T 
5°^K (1-40) {£o^Ti2£:< «fe l±l l^s&V^ ^. £ #93** £ fcofco 

tt, fi»5)^-7 5n^K (1-4 2) 5 
rt^^ot^D, $ blCNfl&SlHlllfn^Oi^ * VH&Jfr-rS J8-T 
(3-42) j3-7 5n/f K (2-42) . /3 — 7* ;M 

K (4-4 2) SrfiCfcttSNCa^ift^Lfc^S^^ii: 

7^o^ k (i-i6) &$L&mt vxftMvtcmft&&mizm^bti 

Mbfcio - tb b <Dljifc<D 0 - T 5 n K (1-4 0) SSiSttS: 
^■rS^-^-^r^^-^ltYkyS-T^ n/f K (1-16) £rffi^5 
^feia'Jl^fci:^^, 4liOWj3-7 5n-<K (1-4 0) 
tc&frfcRJfcttSr^LTV^fc. (B/Bo =0. 5 Sialic it S : 2 

5~70nM, 5~1 5n g/well) „ r. h (D$ri& Srlh V K 
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3mm (BAN— 1 1 a , BAN— 2 0 a % BAN— 3 0 a) (Dtfifab 

(1-16) ^7 * n--^ftfr$ra&1-'<<*ffcfc 1 6«m<D#c#:£ 
fEMbfc, ^-^^-fm)5-7?a^K (1-16) trJBV^ 
Sl^ici iJl^fci:^, 1 0 5g|g<DfcL#2S j3 

-T^n^F (1-4 0) KBL&?£%.fc&$:^^X^tc&, *:<Dt£fr~? 
^l:BAN-50a ^feTliilrotV K-T y ^ -S«^&?r# x. 3 

|3-75n^K (1-16) 3 5 ^ #{z:B 

AN-5 0 afii^BAN-O 5 2 a i&SgfjI^ l*» b fig, „ 

BE^J#-^- : 1 2T«$il5 0 - T ^ p >T K (18-28) Sr&ggJEi: L 

4f5Wy!JF-v^9iifitfc 0 BP-01, BP 

-02, BP-03, BP-9 0<DA^>(D^4zfV K — ?ti*i=>M£.£tl 
§^;^n-t;V^BP-0 1a, BP-0 2a. BP-03a, B 
P - 9 0 a iJfflt?*) I), B P - 0 3 a ^itKB P - 9 0 a {igBJU#^- : 
1 1 jS -T 5 o>r K (17-2 8) & &Wf&1r 5 Z. b 2*-C# 

£ 0 * a — -*vHft#©J&a>-CtK #tBP-9 0a^|fST 
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t^mm^m (b> t^^mi^ (b/f#m) , B^i/F^-ma*©^ 

b y sparer*, t^tfo^ii @4Ht#yK£ 

its mm.s &,mti:¥&&m-tz>zk&x-%?> zmx.h£. a?i %m ^ 

^Sl^&J (S&2JK) BBfb 5 7 $MBM?) . ^Jiimf&blS 
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ods in ENZYMOLOGYJ Vol. 70 (Immunochemical Techniques (Part A)) % 
Vol. 73 (Immunochemical Techniques (Part B) ) , IrUt Vol. 74 

(Immunochemical Techniques (Part 0) „ |^#Vol. 84 (Immunochemi 
cal Techn i ques (Par t D:Selected Immunoassays)) „ l^it Vol. 92 (Im 
munochemical Techn i ques (Par t £:Monoclonal Antibodies and General 

Immunoassay Methods)) - InJUr Vol. 121 (Immunochemical Technique 
s(Part I:Hybridoma Technology and Monoclonal Antibodies)) (i^_b N 

m&&< ^*-rs r £#^£3c>-tn T^^^-r-=r— m<DW>m#m t u 

fgl BHttv J3-T5: K (1-40) Ufc-^ ^ ^ 

0 - G a 1 SIM;/3-T 5;a^K (1-40) * m^XM^t^Zk*?* 
"To 

^2i», ^-T^n^F (2 5 -3 5) Cfc-^ CDjaflMffi 

- G a 1 «ff£fciS-T K (1-4 0) ^flil^Tl^fcifct^Sr 

£13 p-T 5o^K (1-16) ^Lfcv^^iD^II: 

HR PMWHtp-T =• K (1-16) Srffi ^Tfl-<fc56!f;iP:&^-r o 

^4 1lt )3-r^n^ K (35-43) Sr&ig bfc^ ? * (Dtfifcffi 
!:HRPlM^-r^ i"f F (3 5- 4 3) Z m^^Xm^tcjfBM&TF 
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(a) tt^-T^of K (1-40) Sr^gEUfc-^C^Sr/BV^ 
4§£\ (b)ttjS-T5n^K (25-35) StSlIS bfc SrfllV^ 
fct&-g-, (c) tt^-T^n^K (1-16) Ufc-^ !>*2rffiv^ 

fzWr&. fciU! (d) tt^-r^n^K (35-43) Sr&gE Lfc"?- * 

16^, ^-7 5n^ K (1-40) Sri&iggJjjC t LT^ Lfc^r / 
^n-t/WBA-2 7a(D^-7?n/f K (1-40) (-•-) , 
^-7;p^ K (1-28) (-A-) > 0 -T ?n/f K (1-16) 
(-0-) s |3-7?^ K (2 5 - 3 5) (-□-) , £«fctfj3-T5; 
n^F (3 5 -4 3) (-A-) \Ztt-fZ>Kfc&& fi -G a 1 gtttfc 0 
-T^n^K (1-4 0) «rffiV>S8S^ife-E I ATJW^fcJjgmSr^i-o 
^61^1 (b) (^-7^n^F (25-35) &$L&m t LT 
f^ML-fc^-/ ^ o— -^#[#B S - 8 5 a ©KJfcteS: /3-Ga 1 IHfE-ft: 
/3-T ^ n-T K (1-4 0) Srffll^SJfr&ifc- E I A-eH^fcJ&mS:^ 
-To 

I7i (a ) 33*1* (b) ^n-^tL^-rs: ct^r k ( 1 - 1 6) 

^mmt L,XffML,tc*eS ^o-t«BAN - 0 5 2 afeJ;t;B 
AN - 5 0 a (O p-T $ K ( 1 - 4 0) (-□-) % n>f K 

(1-28) (-A-) , fiit;p-7$n^K (1-16) (-O-) 
W§g^tt^HRP^M^-7-; nxf K (1-16) SrJBV^Ift 
-^*£-E I A ^H-< Sr^-To 

SS8EIW\ BAN-0 5 2 a (-•-) , B A N — 1 1 a (-0-) , 
B A N — 2 0 a (-A-) , B A N — 3 0 a (-□-) £> <£ 1KB A N — 
50a (-■-) (B/S-T^n-fK (1-40) 5KJ&tt£HR 
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$n>f k (i-i6) &m^zn&m- e i at-h^c 

I9i(iiiIlK*i LTBS-85a-HRP!:ll\ SfH/UJa 
Wb LtBAN-0 5 2 a (-#-) , B AN — 1 1 a (-▼-) , B 
AN-2 0a (-A-) $fcitBAN-3 0a (- ■-) £ JB I 1*- ^ 
Myf-EIA©JS-T5n>f K (1-4 0) 0^2pftH^^-f 0 

f|lO0S, 0^^St^i lTBA-27a-HRP £JBV^ @*@ 
WHtBAN-0 5 2 a (-#-) , B A N — 1 1 a (-▼-) > 
B A N — 2 0 a (-A-) J/;liBAN-3 0 a (-■-) SrJBVfcf- 
^ K-T s^-E I A<D p-T 5 n>r K (1-40) 0>«i?S|l&|ft 5:;3*i- 0 

fgl IBS, ^^^I^^L^i: LTBAN- 0 5 2 a-HR P&flTW 
@ffi^K:*iLTBA-2 7 a (-•-) 4fcttBS-8 5 a (-0-) 
SrJBV'fclM-' K-f sr^-E I A(D p-T ^ a >r K (1-40) O^^AJ^ 

fK12Batl. ilII5ifraTBAN- 0 5 2 a-HRP (-O-) 
feSVMiB A - 2 7 a— HRP (-□-) SrfflV^ H*B£l£t#: £: B 
AN- 0 5 2 a Srffl^fel^^ KW y^-E I A<D p-T ^ n ^ K (1-4 
0) ^^2pA^^^-To 

JglSBtt. B*I»0t#iLTBS-8 5a-HRP^V\ 
MftiUTBAN-0 5 2 a (-#, O-) fc5V^[iB AN- 5 0 a 
(-A, A-) ^IV>fct>Ms'f-EIA<D|S-7 5n^ K (HO) 

(-•, A-) fc5V^jJ-75o>f K (1-28) (-CX A-) <£> 

mi^mit. iiiH^iLTBA-2 7a-HRP^ffi^ N S*§ 
ffi^HTBAN-0 5 2 a (-•, O-) feSVMJB AN- 5 0 a 
( — A , A-) £/B Wcl^ Myf-EIA©^-7 5n^ K (1-4 
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0) (-#, A-) fc^V^i/S-T 5 xisf K (1-28) (-CX A-) 

mi 5Btt, #*ftEtt&#£ Lt (a) BS-8 5a-HRP (b) 
BA-27a-HRP, &>5V>«: (c) BC-0 5 a-HRP^f V\ 
mtemtnftk tt B AN — 5 0 a SrffiVNfc-?-^ y ^£_ E j A(D> 
(1-38) (-O-) > j3-75n>f K (1-39) 
(-A-) , |S-75n/f K (1-40) (-■-) . |5-75n^K 
(1-42) (-§-) , fc5V>lij5-75n^ K (1-28) (-□ 

-) ^^^ft^^^-r- e 

mi 6@tt, Tjisy^j^~-m&mm&mm*<np-T$ b^ koi 

ffi-HPLCI^£5»lilH^aSttS:, BI?St«l!$Jn;#: £ Lt (a) 
BS-85a-HRP, (b) BA-2 7 a -HRP^V\ @*HJB£t 
HHTBAN-50a SrffiV^S^V K-f s/^-E I Aiaoti^fc 

ttifcO Sr^/HKIli: i »J»#»*Lfc©fc, SffiHPLCiaDML 
(t^=2 10nm) c 

tfcffi**) ©117©^-HPLC©tfflB^© (a) No. 35, (b) 
N o . 4 1 fc x it; ( c ) No. 43 OflM^^^ h/l"£^-fo 

mi 9 7^^ ^-^m«S5fe/3-T 5 B-f KW# (3g^ 

ttffi^) C0 17©Ifl-HPLC^fflB^I:oV^, ^m^f^M^i: 
LT, (a) BS-85a-HRP, (b) B A - 2 7 a - H R P £ £ 
(c) BC-05a -HRP?rIl\ mttmtt&b LTB AN — 5 0 
a Zm^ti-V-^ h*4 <y?-E I Aiz X o T5£* LfcJg*^-*-,, 
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36 W & M M -T 3 it. #> <o m M. <D m M 

mmm 

(1) p-rSa^K (1-40) <£>Sg3t 

rtTJE©Boc-Val-OCH 2 -PAM»JH(r^7-Y K ^/ftV^f AXftl!) 0. 
71 g (0. 5 5U^) Sr^W -<^^ K-M&HKT^-r K *4 * 
S/*yj*XtfcaHe?*>MSOA)«rlK,fli t^Ufeo «f|g_t©Boc36S: 5 0% 

OT ^ /Sl-^S- 2 5: y ^E-^OBoc-Gly, Boc-Val, Boc-Met, Boc-Leu, B 
oc-Ile, Boc-Ala, Bo c-Lys (Cl-Z) , Boc-Asn, Boc-Asp (OcHex) , Boc-Glu 
(OcHex), Boc-Phe, Boc-Gln, Boc-Hi s (Bom) , Boc-Ty r (Br-Z) , Boc-Ser 
(Bzl), Boc-Arg(Tos) ^^-T^n^K (1-40) ©T^/»E?!ll 
V^EOBi/DCCX'mmtVXm^^s &mp -T K (l-4 0)-0C 

Hz-PAM^Jii 2 . 7 0 g £#fc„ CI <D$km p-T$u4 K (l-40)-0C 
H 2 -PAM«TJIg 0 . 5 6 g Sr p-^ U- ^-^^^T^tK^^tK^ lOmlt 
0°C, 6 O^WAaaufc^, #fb*££«ffif^U2feaES:^— 7^1 0 
m 1 X~2mm&^tZo rM5 0%-ftHz(cttt{ilL, ^^^^r«*U 
5 0%-@£m7k-ei5fc*£Lfc o it$&> 2~3ml(^JE 

^^u, 5 o %-mm.7kx%m ufc-tr -7 rfv g- 2 5 <d*?j* 

(2. 0 x 85cm) Ktt EligflreJRBB Ufc D ilB^^ifeM^L 
H&feO^j^ 1 5 Om g 2r#fc 0 r.:h,5r 2 0%-Tir h-h'j 

(0. I%hy7;wtni^f) 5 0mll:SjjfU lnI^T*^5*b 
fdLiChroprep RP-18.*7A (4. IX 10cm) Kittle 2 0 %~ 7 0 

%twt>- h v frfcmwL (o. i%hy7^*nftR^ir)©t 

mmm^mmm^t^o «1Ih9-3r*&?MLiChroprep RP-18* 
(2.6X6cm) mfi-L^ 0 %~ 5 0 %Jt©7t h ~ b y Jlsfcmm 
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(o. i%f;7/i/tn^t) <Dm.mmmm^mmm. ^wm^ 

Gly 6.85(6), Ala 3.44(3), Val 5.68(6), Leu 2.00(2), He 1.39(2), 
Met 0.89(1), Phe 3.21(3), Ser 1.89(2), Asp 4.35(4), Glu 4.52(4) 

, Lys 2.05(2), His 2.86(3), Arg 1.10(1), Tyr 0.97(1) 

IiMi:J:5(M+H)+ 4 3 2 8. 0 5 

up Lcmtamm 22. s& 

*7 A : Wakosil- 5 C 1 8 HG (4. 6 x 1 0 0 mm) 

mum-Am to. i%- f v 7^**mm7kigm)- 

Bffi. (0. 1 %- hV 7^tnSttt7t h~ h V JV) 

*m^Amfrh&m^w.mmm.mnmmm. (50^) 

^£ M : 1 . 0 ml /ft* 
(2) [Cys 17 ] )S-75n/fK (1-16) tf>Mi£ 
TtJ|g^»Boc-Cys (MeBzl) -OCH 2 -PAM«J5g(T^^-r K ^i/X "rMX 

%fcM) 0. 7 5g (0. 5?!)^) £ffiV^ <<Zf*3- V'arfSi,fflt(T7 P 7 

ci^ 5 0% h y 7;Ptngf^{^f ^^C&SLT? /g&j»£ 
-^•fc^, £ 5: y St-# 2 ^ y ^EvKDBoc-Lys (Cl-Z), Boc-GIn, Boc- 
His(Bom), Boc-Val, Bo c-G 1 u (OcHex) , Boc-Tyr (Br-Z) , Boc-Gly, Boc-S 
ei(Bzl), Boc-Asp (OcHex) , Boc-Arg(Tos) , Boc-Phe £r [Cys 17 ] p— T 
5d^K (1-16) <DT =L / miH?iJil i ; (dHOBt/DCC-rSttfbbT^ 
U CCys 17 ] /3 — T ^ n/f K (1-16) (MeBzl) -0CH 2 -P 

AM«OI 1 . 9 0 g £r#fc 0 w<D^M [Cys 17 ] /3 - T ^ n ^ K (1-1 
6) (M e B z 1 ) -0CH 2 -PAMl»JJg 0 . 6 8 g ^p-i? ^/-;v*#TH 
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7kmt*m i om i -eo°c. 6o«iLfct, Mk*.x&MJ£&& 

taS^-r/H Om 1 -C2HI^bfc 0 mir 5 0%-gMfc3k-el* 

l~2mll^JEflL, 5 0%-i^««U:t77f^ 
XG- 2 5 (2.0x85cm) 0*yAl:#L, i^^j^-eJg Pfl U 1t 0 

Asp 2.17(2), Ser 0.96(1), Glu 3.04(3), Gly 1.00(1), Ala 1.00(1), 
Cys 0.82(1), Val 0.99(1), Tyr 0.94(1), Phe 1.09(1), Lys 1.05(1) 

, His 2.89(3), Arg 0.97(1) 

SlMl-i5(M+H)+ 2 0 5 6. 8 3 

HPLCSffl^lH 14. 8 & 

jj? A : Wakosil- 5 C 1 8 HG (4. 6 X 1 0 0 mm) 

mmm ■ (o . i%- hv ^/^umm^mm) 

b^(o. i %- h v ^^^-^mm^^-T-t h — h v 
^m^Am^^Bm^m.mmmm^mmw (so#) 

^ M • 1 . 0 ml 
(3) |3-7?n^K (2 5- 3 5) (DM^ 
rfffl£OBoc-Met-OCH 2 -PAM#J3g(T^^ K /^t^^rAX^S) O. 
66 g (O. 5$y^A0 Srffll^ -<^^ K^i(rr7-f K 
^XTAXttm^'r/i'AZOV&tiim U-^^UfCo ^J!g_LOBocS5r 5 0% 

COT 5 7 SlZl# 2 ^ y ^E-A'OBoc-Leu, Boc-Gly, Boc-Ile, Boc-Ala, Bo 
c-Lys(Cl-Z), Boc-Asn, Boc-Ser (Bz 1) & p — T $ u J K (2 5 - 3 5) 
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(2 5 - 3 5)-0CH 2 -PAM$ri! 1 . 1 4 g £r#fc 0 :«^-T^^ 
K ( 2 5 - 3 5)-0CH 2 -PAM^BI 0 . 6 1 g ^p-^ ^^-^#^Tt*^ 
ftTKil OmlfOt, 6 0^WMUt, *^7K*Sr«JE«*U3» 
jgSroi— t"/H Om 1 T? 2 HIi£# ^*l£5 0 %-ftife7K"CttW 

^i^*u5 o%-^m7KT??5fc#bfco mm* &&m*&t>-& > 2 

~ 3 m 1 lc$ftJESflg LO. l%h V -JAsitvi g^zfc 5 0ml T'ffcWl Ufc 
0. 1 % b y ^/V^-ag^^TKT^UfcLiChroprep R P - 1 8 # 
(2.6xl0cm) 0%~5 0 %tt(D7ir f ^ MJ ;VtK^ 

(0.1%M)7;ktn^f) OiSM^S^ia^mbfCo «® 

mlKmnis, l^f 1 Lfc-t7 7 T5'^7LH-2 0 (1.0 X 96cm) 

i^vmmm-^mm ufc iii^i:iferaiLaM*9 img 

7*5: /m^lff: 

Asp 0.97(1), Ser 0.95(1), Gly 2.94(3), Ala 1.00(1), Met 0.89(1), 

He 1.59(2), Leu 1.00(1). Lys 0.97(1) 
IlMt<t5(M+H)+ 2 0 5 6. 8 3 
HP L C^ttS^F^ 18.9 9r 

•t>=7 J* ■ Wakosil- 5 C 1 8 HG (4. 6 X 1 0 O mm) 

mmm - Am (o . 1 %- vv ^^^^mm^^m) 

Bi£(0. 1%- b';7;i/tn^t^7ir h-fy^) 

zm^^AmfrbBm^-mmmmgz^w&mw: (so#) 

Hit jM : 1 . 0 ml 
(4) [Cys 34 ] ^-T^^F (3 5-4 3) ©Mat 
Fmoc-Thr(tBu)-r7^J3i (0 . 4 6g = 0. 2 55U^, tS^t 
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^iHi^->yyi? (i. o?!)^) &£3v^ 2 0%t°-<y^ 

y-DMF^tl^tSFniocSoMlt, DCC-HOB t ^{CTjlll^ 

c^sm^^:/^ Fil^jtES-rSo :©J:piaT, ^^T^^tis 

Fmoc-Cys (Tr t)-Met-Va 1 — G 1 y-Gl y-Va 1-Va 1-1 1 e-Al a-Thr (tBu)-!7 ^ 

mm 

^<D^^^-Ymm<Do^O. 5 8g (0. 2 0?!)^) ^7k^T7 
x/-;VO. 7 5g, y^V^ft^O. 25mK f~jrT~V— 
0. 5mK ^^^TlcO. 5ml, h !) 7^tng^l Om 1 BD^> 

mt?i. 5^^m#b7t 0 ^jmsrst^u mm^mm^, mm^x.^ 

Jfc* 1 6 8 m g (89%) 

ItMtCJ:5(M+H) + = 9 4 9. 5 (Steffi: = 9 4 9. 5) e 
(5) 0-T =• n-r K (1-38) ^.t^iS-T^n^ K (1-3 9) tf> 

)S-7^n^ K (1-4 0) ^*;u*>i/^^^— ^ Y "CRS^^- 
dt5riia^-7;n^K (1-38) ;J3£tf/3-T=;n^K (1 
-39) SrfEMbfco /3-T ^n^K (1-40) (B a c 

hemttl) 5 0 /x g h 3) i<"<7?- ? — ^ Y (t!lxy^/H 

mtfJD 0. 5/ig^0. 5%^7^=9At)cM^»LT6 0 
1 Ott^^HJS^^fco , Vy d a c C4 (The 

Sep/a/ra/tions GrouptfcJK) i£*9-H P L C f£ £ II L , U 

V (2 10nm) T^ffi £ ttfc 3 *<D^t£ ? £Jt*##f d £ V IH^ 
Ufc 0 
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#7A:Vydac C 4 

(The Sep/a/ra/t ions GrouP^tM. 4.6 X 250mm) 

m&WL'.&mXo. 1% n)7/utoR*^ir 5% rths 

(0. 1% hy7^toR^t 8 0% Ti? h 

6 0^IBdMtT3 0- 5 0 %^ttjm«jfc±U.$*fc 0 
?5£ 5i : 0 . 5 ml/# 
fiM(U5(M+H)+=4 132. 9 : J?-75n^ K (1-38) 

(mffim 4i32. 6 ) 

4231. 6 : j3-75 - 3 9) 

(31^ 4 2 3 1. 8 ) 

4330. 9 : )5-75o>f K (1-40) 
(Sf^-fit 4 3 3 0. 9) . 

C^JS^!i2] fzmmvftM 

(1) n>r K(i -4 0)Sr^t?ftS?]]Rtf>f1s*l 
±EHft^ 1 (1) T?#fciifci5-7$n/f K (1-4 0) 

(BTG) i b fc. i-fcfcfc, jS 

-7?n^ K (1-40) 0. 6 m g £ 1 5 %WDMF Sr^tf 3 mM !) 

P H 6 . 5. 1. lmli:Sf*§*fc©%, 0. 5ml 

fr* AsTfrfM F*Mz-xmwv 3 i$m site zittie kjssu g.m.'&m. 

(2) jS-7 5o>f K(2 5 - 3 5)mMI©f^» 
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-tmmmm 1 (3) -e#^^fc p-t $ k (25-35) ^bt 

GtO^fr^St^gltLfc. P -T F (2 5 

-35) 0. 5mgtBTG2. 5mg^ s pH4. 5 iCfifii Lfczk 

-e3«FMSlS$*fco HJSts l^U 4 ( C"Tf2 0|Hja*ft 

fc„ 

(3) p-r^o^ K(l-16)Sr^tfMJffo^»| 
_hsaH^Jl (2) -en^titclCys 17 ! P-T o^r K (1 - 1 6) £ 

BTG fc^S^SrtfMKU &^fC£Lfc: 0 B T G 2 0 m g 

0. lMU^IW (PH6. 9) 1. 4mll:*»*t, N- 
(y 5: K^^y u.^ff) v/— ^ K(GMB S) 2 . 2m g 

(8 ^ m o 1 ) IrttfDMF^t 1 0 0 /* 1 irjg^U. SS"C4 

W ^ KS©|AS*lfcBTG 15mgt [Cys 17 ] /3-T ^n^K (1 
-16) 3. 6mgi^^L, 4*C-t?2 0 reS^^^.fc SJC&m, ^ 

m-&m.&izttv, 4 < cc2piHi3*ftfc. 

(4) ^-75a^ K (3 5- 4 3) ^tfMJ^©fI 
_hfE*160!l 1 (4 ) [Cys 34 ] d>f K (35-43) 

i^jkWT^^^ ^ (BSA) £o«-a-tf:$rftMRU *JSEf tbfc. f 
fcfc>t»» BSA21mg (0. 31/tmol) 5r0. lMP^Ifl 
(PH6. 8) 1. 4 11111^)^^ GMBS3. 5mg (12. 5 
//mo 1 ) ^tfDMFMl 00M £: *S-£ U ^iS.t? 3 5#5Li&£ 

5: KgOegA B S A 4 . 5mgi [Cys 34 ] /3-T ?n^K (3 5 

-4 3) 2. 1 m g <t £r*g£-L, 4 — life „ RJfctfc, £S 
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(5) j8-75o>f K (18-28) Sr^tf SiSgflKOffcR 
[Cys 29 ] K (18-2 8) iBTGi:©l^^lU 

MHitfc, BTG2 lmgSrO. IMPyilli (p 

H6. 9) 1. 5 m 1 GMBS2. 4 m g (8. 4 /* m o 

1 ) ^^tfDMF^t 100M ^i&T?4 O^KJC&S-Srfco 

OiA$tlfcBTGl!l7mg b [Cys 29 ] jB - T 5 B^fK (18-28) 
(T = — Ktfc*l) 2. OmgiSril^U 4lCf- «&SJS&&*fc. KJS 

6 — 8 m^COB A L B /Cm-? m±|B*lfe« 2 flBftO&ffiJDK j8 - 
75n>fK (1-40) -BT G K (2 5- 3 5) 

-BTGMft, K (1-16) -BTGMft, 

nW K (35-43) -B SAl^$>5VM5j5-7^ K (18- 
28) -BTGMfrSr, ^n^^OS 8 0 a* g /PE n ^ h T 

^7o^ is >75?a^V hit =t(vl2~3 Ulil^P^SUfCc 

c^#ii4] mmmmtmm<Difm 

(1) 0-D-;*f5^ h-^y-if (jS-Ga 1 ) a»ftjJ-7Sn>f K 
(1-4 0)©M 

/8-T5oWK(l-40) 7 0/ig (16nmol)lr40fi 10D 
MSOt^j|^-li:, M)iW5>160nmo 1 (10/i 1 DM 
SO^) tN-^^^?^-3- (2-fU -;^>?ft) 
f^-MSPDP) 23nmol (7^1 DMSO») bZMZ. 
tz&, ^ifiT? 9 O^J&^fCo MO^Mj5-Gal(Si^ 
SI3£SfcJB, ^-'J^-v^AttDl. 7mg (3. 3nmol) 
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(omm ( o . i m y ^mmmm. ph7. 5, 0. 45mi i^mM) m 

(L KB -7 T^i/TtiM) T^Il, P - G a 
K (1-4 0) £r#fc 0 

(2) W#?iM^ c — (HRP) »^-T5n^ R(l 
- 1 6)tf>f£§S* 

JbfB^lJfefll 1 (2) ^#^^7t[Cys 17 ]^-T 5 K (1-16) t 

hrp mm$L&mfemm. ^-v^if-^^^^m) £Sr*«u 
mm$L&m%im (eia) o^f£#£ bfc 0 -r hrp 5m g 

(12 5nmol) ^0. 95mlO0, lM'J^M, pH6. 
8Kl^$?£ii:> GMBS3. 6 m g (1. 3 n m o 1) ^tfDMF^ 
$50/il ^?&-C3 O^WSJC&^iirfcO^, "fe 7 7 t ^ ^ ^ 

G - 2 5 # 7At^BLfco roi^'LT^itfc, ^MU'S® 
iA $ tlfcH R P3. 3mg (78nmol) £: £16011 1 ( 2 ) T*f£M 
^fcHCys 17 ] jS-T 5 o/f K (1-16) 0. 56mg (2 7 0 nmo 
1) fcSrjfi'&U 41C-C1 0S^S*fc. KJS:«!?^hoMc A44 

#^-e#iHU HR PHf8Ht/3-T 5 

u-T K (1-16) 

(3) HRP8iftjS-T5P>r K (3 5-4 3) CDfEM 

±mmmmi (4) -e#b^fc ccys 34 : ?-r?n^K (35-43) 

tHRPt E I AOMMfci Lfco "Tfcfc>*>, H R P 1 2 m 

g (310nmol) Sri. 4ml©0. lMyytifl, pH6. 
8 Kl?g£?£ii:> GMBS1. 3mg (4. 5/xmol) Sr^tfDM F ^ 
«100/i 1 ii^U ^ta-C3 0#IB3SJ&£-£r*: -tZTTTv? 
*G- 2 5 # ^^-T?^PJ UfCo r iCLtffStfc, -rWU'S 

(DiA$tlfcHRP3. 2mg (76nmol) i: ^*£#!J 1 (4) "CfE 
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igg^a-lfdCCys 34 ] j8-T^ K (3 5-4 3) 2. 1 m g (7. 2 // m 
ol) b&m&V. 4t-eiHSJES$tf:o S^i^hn^AcA 
4 4 #7AT'#i®U HRPiM^-T ^n^K(3 5-4 3) £#fc 0 

(4) HR 5 cz>T K (18-28) <Dft& 

[Cys 29 ]£ -T 5: K (18-28) tHRPiSr^lL, E I A 
tf>;gif&#£ Lfc -^-J&fc*,, HRP16mg (390nmol) £ 1 . 
4m 1 (DO . 1MD S'lfcttflftt (PH 6 . 8) GMB S 1 . 

lmg (3. 9/imo 1) Sr^tfDMF»jR 10 0^1 £^b^t&T? 
4 0#|H3SJ££*;fc t77f^nG-2 5 * 9 AT*#II| Ufc 0 

r©ip{lLt^LfcvW^ KI©iA^tlfcHRP6. 0 m g 

(15 0nmol) £ [Cys 29 ] 0 - T ^ n J K ( 1 8 - 2 8 ) 2. 5 m 
g ( 1 . 9 mo 1 ) t SrSB-S-b* 4<C-e2 BBaKJ&Siirfco 
;Vfny;VA c A 4 4 # 7 A-e^-iU HR PMf&te/S - 7 ^ o/f K 

(18-28) £r#fc 0 

(1) /S-TS:u^K(l-4 0 ) ttv !> (D^lffi 

n>T K (1-40) &&,m#<DT*X$iJhm i P<0&L<*ffi&Sk 

# y^i'tfcSD £ 1 0 0 /x g/m 1 ^tf 0 . IM^IM, p 
H9 . 6$gi£3r9 6 ?^/i^-f ^n^u-H:i00M foML, 
4°CT-2 4B#fiim«bfc 0 ?fcUL. — b £r D ytlf^IM* (P 
BS, pH7. 4) •C^LfcWb, ^^/VO^PJO^-a-^fe^r^^ <* 
it lb 2 5%:/ a (WEPfLH^tSSD Sr-g-tf P B S £r 3 0 0 n 1 
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As\Z.s^ Z7 t — A [O. 1%BSA, 0. 1M NaC 1, 1 mM M 
gCl 2 > 0. 0 5%CHAPS [3-[(^7UVn^;i/)v?^f;P7 
^^=-*~\7ns<^*;vfcz/m fe^t^O. l°/oNaN3^tfO. 02 
My«m PH7. 0] 5 U ^y77-At*«tfcv 
^^tjS-T a/f K (25-35) £tlfcm 1 00/i 1 Sr^P^4°CTl 

i£#)4 (1 ) -ef£MLfc£ -G a 1 ^iSHfc0-T ^ c-Y K (1-40) 

(^y7 7 -AT2 0 Ofg^HK) 100M ^M^WlX-I BKJ&£i4: 
feo ^^f^PBSWLfc©*,, H*gJi£Dg£m?&'t4£4 

— ^-/i^ ^ ^ ~? x. y ?v — $ — t> — is =7 & y*/Y (4 -mug) 

V^xaa^i-Sfcfc, 2 0 /x g/mlO 4 7 x— A(fcf£ LC 

HAP S ^£#1^) }t8£l 00/i \*Mx. 3 7°C-C3 ^F^^/^^-erfec 
50££r 0. 2MNa 2 C0 3 1 0 0M iPtSr £ {C «fc Ufflh£^7i<7> 
jggtUfc4 -^^A-^^y 37 VSr^ft?*!/ — y — ^— (-7 

i^54 6 0 nmTi^Lfc () *tJH& CM 1 HI] Mtf:8 

(2) jS-7 5n^f K (25-35) Lfc-^ ? * Otftifrflf <f Ojit 

jS-T^axTK (25-35) ^ig'ptfw ? ^ik^^M*- 

^n^U— h(D#!)i/H:/^>77-A5 0 /z 1 N S> 7 t — A 
Lfc-^l7^gLiS-T ^n^K (25-35) iaifrfi 5 0 ju 1 s ^«tt/_h 
15^^11 4 CD -CfftK Ufc /S — G a 1 SIHHb p -T ^ n W K (1-4 
0) (^y7 7-ATl OOMI?) 5 0 ju 1 3>j&Q £ 4 *Ct? 1 6 mfflR 
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4 -mu G^m^xmrn^mfe^tio :m2m) ic^-r 0 & 

(3) /3-TS n>f K (1-16) bfc^ !7 * 

%BSA. 0. 4M Na C 1 , ;&J;tF2mM EDTA^^tfO. 0 
2M!Jylim PH7. 0] 5 0/t K ^2x77-0^1^ 
>7*i5t/3-T? P-T K (1-16) £iJk*5 0 n K *5it/JilS^M 
4 (2) "tffH[tfcHRPfll«<tp-7$c^ K (1-16) (/<y7 
7-CT2 0 0 0f£3!r$O &Mz.4°CT' 1 6 R^KJSJft^ltrfco ^ 
ZfU— HrP B ST?Sfe#b @*l_h<0Ii3SSH4;£r TM B T>r * o 

7xyWN e -t^r^y— ^Sfv/^r^ (K I RKEGAARD&PERRY LAB, INC, 

7-7- = vaiiSi5iy&v>) ioom i»xii-eio^fisjs^t5c 

£ Kl i VmfeVlto Kfo&lMV y^l 0 0 /x 1 £#D;t#.it £i2rfcO-*b, 
4 5 0 nm©®J|XSr7 , l/-M)-y- (MTP-32. = n-7-*t§g) T*?flJ 

?o>f K (1-16) \zttTZ>%Z<£ffi<D±&im*btbti-tt 0 

(4) jS-7 5o/f K (35-43) %$l£z VfZT V X (DtfUhm * 

_hSBIM60!l5 (3) EtO^felufot, ft??^i>//n7!)y 
SMM^o7"W-h, ^7^fij8-7$n^K (3 5- 4 3) 
lMf> £5£lF_hI2liMaj4 (3) ffMLfcHRP^b^-7?n^ 
K (3 5 - 4 3) SrSJS^^Sr biz* U „ 17 ^ fctjfcfif'f 3 cofct^ffi^r 
SO^UTto JE*«r CSB4EI) \Z.^k-r o 3L^Lfc^!7;*9eE©?-*>3E&- 
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(5) |3-7;d^K (18-28) V *<Dttskm i P<OtfL 

±15^^115 (3) fB^O^f&^oT, fa-??*-* J»/ > 
^d^u- K ^^^i/? -T^n^K (18-28) ^ 
Jkm. &£V±mmffiM4 (4) «LfcHRPm)3-7?n^ 
K (18-28) 2r^/££ii:5 £ U , ~? V * &skm<¥ (DfaW-m* 

mmmei ^ / ^ o -t;^ - r ? n ^ 

it!g£#mv^f£jffi^ Lfcv^^lc^Lt 200 — 300^ g Orfeig 
W.^±m.±^7k0 . 2 5~0. 3m 1 {C^^iirfc&O^f^MftfCgni 

J^B^^ffib. ^.^>-^^^ >>iX^^jEi&, -f — ^X- 5 - 

• aLyir^>-wl^ -5r-f £^ (MEM) tC^^^-fr. J!^JiiS*iJ^??^ 

a — =?"#|3j}& P3— X63.Ag8. Ul (P3U1) Srm^fc 
hfc°s>^;* V T^^n/W^ni;- T is K ^A/nv?- N 81 „ 1 
(1978)) o ^aBSgfe^fiv C*>l"^* — , 256, 495 (1975)] l-SpD 

T=fT=feofCo -T^^-b, JWUMJ&fc^tfP 3 U 1 Z^tl^thltm*^^ 
U*V^MEM-e3^L, mmmfob P 3 U 1 %t<DX,m& 5 : lfcfc 
8 0 OiHgT'l 5#PpQ3I'k£^&oT;iM£tt^£i2: 

/Co ±mz%ttiz.m3zvit&, ttmtm< hcu 4 5%#!Jxfi/y 

(PEG) 6000 (=iy^^^ M±$!D £0. 3mlJDx., 
3 7 °C?g.7k«^T- 7 #P*fl#gLTlili^£*T& ofc D ®fc^5Ml£fe#2 
m 1 OfiJ^trMEM^mSD -^ff- 15ml ©MEM^ttifct 600 
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ii^fnGiT^f^f^ (ftytmm) (git- 10% fcs) 

KP3Ul*lmia!J2xlO 5 il^5± 0 2 4 ft^/P 

^f-f y$/a (U^^ntiUK) in^x^lmlfol2 0!)x/K:S 
tU:, iSf, ^Bj^^ 3 7°CX* 5 ^^^^-^-rf-ei^ 
^Ufco 2 4^tHAT (t^^fyf x 1 0" 4 M, 7^y^r 
!)y4XlO" 7 M, ^i^l. 6X10-3M) ^^GIT-10 
% FCSgi (HATW) Irl^x/k^U lmlfoiiDtSri: 
Hi* IK HATl^«?ri^tfc 0 HATSJR**!!, *g*i!#?3, 
6, 9BtiulB^^lmltttfci, 1 m 1 OHAT^!riJDt5 

rtiij; y«n»bfco ^-r^y k— -?<Dmmn. m&m&& 9 ~ 1 4 e 
•eifebn, jg^isasft^ufc^ # (i5iixio 6 t;>/mi), ±mz 

ill, HJfe^il5 ^IES©^lC^oT^«?rS0^Ufc o 

?-7^n^ K (1-40) &$L&Lti'* V xmmo^'f Zf V K — e 
<D^# V — ^^^D^M^ll t LT, -^^XNo.l (fglEI#8i) SrJB 
V^=»e>nfc«S*«r [050(a)] ^Lfc„ r*L b =fc>^«>ff- 2 Wm<» 
s^zfV K— Lfc [01*] . 
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J* 1 ^ 



Jrt£-T 5 o-f K (25-35) (1-40) ^ n-^;l/£t#©RiS#sgE 



E J6 tt 1) 



M7¥F-7«J jSA(l-40) £A(l-28) £A(25-35) 

No. 



1 0AQ-4O) ± - - BA-27 

2 " ± — — 

3 £A(25-35) ± - + 

4 " ± - + 

5 ± - + BS-85 

6 " ± - + 

7 " ± - + 



1)100 nMOStH[^A(l-40). £A(l-28). y8A(25-35)]*^« brr^ 
+ : . (B/BoXO.50 
± : 0.50^(B/B o )<0.90 
- 0.90^(B/Bo) 

tltzL, B zfitHfiqSEI^OttfrJCli^LfcjSTGaiaai^^ACl-^)* 
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p-T^nsC K (1-1 6) K — ^ 

T^e>tbfc3l§*Sr Cm 5SI (c) 3 M^Ufdo rtb b y§#J'W Zf 

^-T^n-TK (35-43) Lfc-^ £ * & %k<D^4 zf V K- 

18-28) &&.&Vff^Vxm&<D^4zfy K-v|r^ ^ y — 
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m 2 m 



s « tt 1) 



M7'JF-?lfc /SACl-40) ySACl-28) j8A(1-16) 
No. 



1 


+ 


+ 


+ 


BAN-052 


2 


+ 


+ 


+ 


BAN-11 


3 


+ 


+ 


+ 


BAN-30 


4 




— 


+ 




5 






+ 




6 




+ 


+ 


BAN-20 


7 


— 


— 


+ 




8 






+ 




9 


+ 




+ 


BAN-40 


10 


+ 


+ 


+ 




11 


+ 


+ 


+ 




12 


+ 


+ 


+ 


BAN-50 


13 


+ 


± 


+ 




15 


+ 


+ 


+ 




16 










17 


+ 


+ 


+ 




18 


+ 


+ 


+ 




19 


+ 


+ 


+ 




20 






+ 




21 






+ 




22 


+ 


+ 


+ 




23 


± 


± 


+ 




24 


± 




+ 





1)100 nM©StHC^A(l-40). /SAQ-28X /S A (1-1 6) LfcB# 
+ : (B/B o )<0.50 
± : 0.50^(B/B o )<0.80 
- ' : 0.80^(B/B o ) 

Bo :ftm&&tEmc>>tiLmzn& h r p wmt & aq-i6)« 
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m 3 & 



irt/5-T ^ n-f KC35-43)*/ * o-^l/$t*OSJSfe 



SJEtt 1) 



IgA, /c BC-25 

IgG3, ic BC-35 

IgGl, a; BC-05 

IgGL k BC-15 

IgG3, a: BC-65 



IgGl. k BC-75 
IgM, k BC-95 
IgGl, a; BC-55 



1)500 ng/ml<D/3A(35-43)*<5Wil00 ng/*\G>7 ^— RS^JEfStti^J 

+ : (B/BoXO. 6 

± : 0. 6^(B/Bo)<0.8 
- : 0.8£(B/Bo) 
fcrtTU B : «aRffffiB#©«:f*:ClS^LfcHRPai«^/SA(35-43)* 

Bo : SdH*flFgEB*©!fi:<*:tC^L/A:HRPai«'fI;iSA(35-43)« 
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/^yj K— £A(35-43) fifli& 



No. 






1 


+ 




2 


± 




3 


+ 




4 


+ 




5 


+ 


+ 


6 


+ 




7 


+ 


+ 


8 


+ 




9 


+ 




10 


+ 




11 


' + 


+ 


12 


+ 


± 


13 


+ 




14 


+ 


± 


15 


+ 


+ 


16 


+ 




17 


+ 




18 


+ 





WO 94/17197 PCT/JP94/00089 



I4t 

$t£-TS a-f K (18 — 28) * n-t«®5l5i 



Kffcft 1) 





0AQ7-28) 


£AQ8-28) 


£ A (1-28) 


mm 


No. 










1 


+ 


+ 






2 




+ 




BP-01 


3 




+ 




BP-02 


4 


+ 


+ 




BP-03 


5 










6 


+ 


+ 




BP-90 


7 




+ 






8 




+ 






9 




+ 







D500ng/ml©jSAa7-28X £Aa8-28)<&5^{21# g©£A(l-28) U*:<t# 
+ : (B/BoXO.6 
±: 0.6^(B/Bo)<0.8 
-: 0.8s£(B/Bo) 
*:*fU B :fitK^B*©tlfc#IC»^LA:IffiPtWttfti8A(18-28)* 
Bo:iJ^^#^EI^CD!a^lC^b^:HEm^b^A(18-28)S 



- 62 - 



WO 94/17197 



PCT/JP94/00089 



UTto * n — ^^^(c^ LTIi, :7 — & — ffi&flelb LTBALB/C'V 
^(Pfl&fl&^fl&Sr?^,^ V 5 X 1 0 5 1@^&3J; 5 t-^D^fCo ^ 
-V^. /N^^y K-vS:, fo^C^S^^^^-Oi-O . 5m 1 £ 
JKK^S-^^ttfc-^ (BALB/C) IU~3xi0 6 t/Vllr 

ffi^rt^bfe©^. 6~2 0 B^^^C^^TJaTK^^Ufcio 
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e?u#* : 1 

@S?IJ£>:6£ : 3 8 

Asp Ala Glu Pbe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys 

5 10 15 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He He 

20 25 30 

Gly Leu Met Val Gly Gly 
• 35 

@E?IJ#^§- : 2 

un<o&-& ■ 3 9 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys 

5 10 15 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He He 

20 25 30 

Gly Leu Met Val Gly Gly Val 
35 
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m^m-Hr : 3 

SE^IJOS^ : 4 0 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys 

5 10 15 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He He 

20 25 30 

Gly Leu Met Val Gly Gly Val Val 
35 40 

m&i&Mz •■ 4 i 

h aK n : lit 

mm<Dwm • k 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys 

5 10 15 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He He 

20 25 30 

Gly Leu Met Val Gly Gly Val Val He 
35 40 

Ir2?lJ#-^ : 5 
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I2?'JO;g£ : 42 

mm<Dmm ■ k 
mm : 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyi Glu Va 1 His His Gin Lys 

5 10 15 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He He 

20 25 30 

Gly Leu Met Val Gly Gly Val Val He Ala 
35 40 

@E?iJ#-^ : 6 
iE^iJCDft^ : 4 2 

mmnmrn ■ k 
mm ■ 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys 

5 10 15 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He He 

20 25 30 

Gly Leu Met Val Gly Gly Val Val He Ala Thr 
35 40 

Ifi?'J#-^ : 7 
SH^IJCDS^ : 2 8 
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mm<oum ■ k 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys 

5 10 15 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys 
20 25 

6B?U#-t : 8 
iH^iJ©^$ : 1 1 

mm <dm 7^yi 
mm<Dwm • k 

Gly Ser Asn Lys Gly Ala He He Gly Leu Met 

5 10 

1E^J## : 9 
IH^J^S* = 9 

Yi&uV— : Mm®: 

Met Val Gly Gly Val Val He Ala Thr 

5 
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: 10 

IH?Utf>^£ : 1 6 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyi Glu Val His His Gin Lys 

5 10 15 

m?m-w : 1 1 

E^l©*$ : 1 2 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys 

5 10 

B?U## : 1 2 
IB?U©S$ : 1 1 

mm<omm ■ k 

IH^IJ : 

Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys 

5 10 
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BE?IJ## : 1 3 
gE?iJOA£ : 2 5 

mmom : mm 

IB^lJomm : 4&<Dl&m ^DNA 
ATCCCACTCG CACAGCAGCG CACTC 

mmm^r : i 4 

iEj!)tf>;g£ : 2 5 

IE3?!i<S>3i^ : ^(OmW: ^DNA 
TGCTGTCCAA CTTCAGAGGC TGCTG 
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4. tt#*SEW#* = 8TS$n575 /MfeEBISr^Fi-S K 
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7. SB?iJ#-^ : 7"C^«*;h,3TS S -f ZUfr^? 1 ? K£5 £tf 

ia^J#-^ : 1 0T*t$il5 7^tE?iJ^ft5M^f- 
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y ^ n — -^-^fet^o 

E3»* : 1 0t^^Jl5 7 ^ 7 *E^ISr*"f5*BJ^^ 
i©JS^^f KKl«r*tt 3 r <h irtSBAN- 5 0a 
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1 3. ff^lOTSg 1 2^|BifeO^/ ^ n — t;^ft|ri4tS^>fy 

14. it^^fsfflm 1m. muz, ^8^^fc{ift^o$sK^i i3gis 

15. gft3ft<Z>«&S& l3gfBifeW sf *0^fflfg 7 « fcttB 8 3® 
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/ J 5 HOFFMANN • EITLE 

• •«• ^ Patent- und Rechtsanwalte 

81925 Milnchen, Arabellastr. 4 

SPECIFICATION 

ANTIBODIES TO ^-AMYLOIDS OR THEIR DERIVATIVES AND USE 
THEREOF ~ 

Technical Field 

The present invention relates to antibodies which are 
useful and novel in that they have binding specificity to 
0-amyloids or their derivatives. More particularly,, the 
present invention relates to antibodies useful for the 
development of assays of JJ-amyloids or their derivatives 
based on antigen-antibody reaction, diagnoses of diseases 
to which 0-amyloids or their derivatives are related (for 
example, Alzheimer's disease), or the development of 
preventive-therapeutic compositions for Alzheimer's 
disease . 

Background Art 

Senile dementia caused by Alzheimer's disease has 
raised a serious social problem, and the early 
establishment of diagnoses and therapeutic methods of 
Alzheimer's disease has been desired. As lesion 
characteristic of the brains of patients with Alzheimer's 
disease, the excessive formation of senile plagues and 
neurofibrillary tangles have been known. Of these, one of 
the main constituents of the senile plague is a /3-amyloid 
or a derivative thereof. 

The 3-amyloid is a peptide composed of about 40 amino 
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acids, and is coded in the vicinity of the transmembrane 
region of an amyloid precursor protein (hereinafter 
referred to as an APP). Amino acid sequences of the iJ- 
amyloids are shown below: 
5 [P-Amyloid (1-38)] SEQ ID NO: 1 

Asp-Ala -Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His- 
His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Ser-Asn- 
Lys-Gly-Ala-Ile-Ile-Gly-Leu-Met-Val-Gly-Gly 
[P-Amyloid (1-39)] SEQ ID NO: 2 
10 Asp-Ala-Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His- 
His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Ser-Asn- 
Ly s -Gly-Al a - 1 le - 1 le -Gly-Leu -Me t -Va 1 -Gly-Gly- Va 1 
[P-Arayloid (1-40)] SEQ ID NO: 3 

Asp-Ala-Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His- 
15 His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Ser-Asn- 
Lys-Gly-Ala-Ile-Ile-Gly-Leu-Met-Val-Gly-Gly-Val-Val 
[p-Amyloid (1-41)] SEQ ID NO: 4 

Asp-Ala-Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His- 
His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Ser-Asn- 
20 Lys-Gly-Ala-Ile-Ile-Gly-Leu-Met-Val-Gly-Gly-Val-Val-Ile 
[0-Amyloid (1-42)] SEQ ID NO: 5 

Asp-Ala-Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val«His- 
His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Ser-Asn- 
Lys-Gly-Ala-Ile-Ile-Gly-Leu-Met-Val-Gly-Gly-Val-Val-Ile-Ala 
25 [P-Amyloid (1-43)] SEQ ID NO: 6 

Asp-Ala-Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His- 
His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Ser-Asn- 
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Lys-Gly-Ala-Ile-Ile-Gly-Leu-Met-Val-Gly-Gly-Val-Val-Ile- 
Ala-Thr 

According to recent reports, some of the patients with 
familial Alzheimer's disease belong to families having 
5 point mutations on APP, and the possibility has been 

pointed out that the 0-amyloids are one of the causative 
substances for Alzheimer's disease. Based on such a 
background , the ^-amyloids have been intensively studied as 
a main subject for the investigation of Alzheimer's 
10 disease , and various results of the studies have been 
presented. 

However, assay systems for detecting the 0-amyloids 
easily and with high, sensitivity have hitherto been 
scarcely reported, although deep interest has been 

15 expressed in the ^-amyloids . The sandwich enzyme 

immunoassay of the fi-amyloids is only reported by P. 
Seubert et al., [Nature, 359 , 325-327 (1992)]. 

The assay system of P. Seubert et al . is reported to 
have a detection sensitivity of 100 pg/ml, which is not 

20 satisfactory. Further, the assay system is reported to 

react also with a partial peptide consisting of N-terminal 
28 residues [hereinafter refereed to as 0-amyloid (1-28)]. 
However, a number of hydrophobic amino acids exist in C- 
terminal portions of the ^-amyloids, 0-amyloid (29-39), £- 

25 amyloid (29-40), 0-amyloid (29-41), 0-amyloid (29-42) or 0- 
amyloid (29-43). This C-terminal region is therefore 
considered to be embedded in a cell membrane, and is 
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assumed to play an important role in aggregation and 
deposition of peptides. For this reason, it is important 
to quantify fJ-amyloids having the C-terminal hydrophobic 
regions* However, the above-mentioned assay system of P. 
5 Seubert et al . does not satisfy the social demands in the 
specificity and sensitivity. 

Usually, antibodies to peptides are prepared by 
immunizing complexes of the peptides and natural or 
synthetic polymer carriers . Also in the case of the |3- 

10 amyloids, the report of P. Seubert et al. described above 
shows that antibodies reactive to £-amyloid (1-40) can be 
prepared using N-terminal portions of the p-amyloids which 
are hydrophilic regions, for example, ^-amyloid (1-16), as 
immunogens. However, it is not clear whether or not an 

15 antibody to the C-terminal portion of the 0-amyloid which 

is the hydrophobic region embedded in the cell membrane can 
be prepared by usual methods. Further, even if the 
antibody to such a region can be obtained, it does not 
provide an assurance at all that it reacts with the p- 

20 amyloid. Furthermore, if the antibody only shows an 

extremely low affinity for the 0-amyloid, it is generally 
difficult to expect that, for example, the above-mentioned 
sandwich enzyme immunoassay of P. Seubert et al. can be 
established with the antibody. Namely, although various 

25 antibodies have hitherto been prepared for the purpose of 
detecting the ^-amyloids, there is no report that the 
antibody to the C-terminal portion of the 0-amyloid has 
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been prepared and applied to the sandwich enzyme 
immunoassay, thereby developing an immunoassay by which the 
JJ-amyloid can be detected with high sensitivity and * 
specificity without cross reaction with P-amyloid (1-28). 
5 It is further reported that ^-amyloid (25-35) has homology 
to tachykinin in its amino acid sequence, and has 
cytotoxicity [B. A. Yankner et al., Science , 250 , 279-282 
(1990)]. However, there is no report at all that an 
antibody to p-amyloid (25-35) has been prepared and applied 

10 to the sandwich enzyme immunoassay, thereby developing an 
immunoassay by which the J3-amyloid can be detected with 
high sensitivity and specificity without cross reaction 
with 0-amyloid (1-28). 

Recently, it is further reported that, of the 0- 

15 amyloids, p-arayloid (1-42) is mainly deposited in the 

cerebral cortex (senile plaques), whereas /3-amyloid (1-40) 
is mainly deposited in the cerebral blood vessel 
(angiopathy) r Arch . Biochem . Biophvs . , 301 , 41-53 (1993)]. 
It is further suggested that the seed formation of C- 

20 terminal portion-containing peptides such as 0-amyloid (1- 
42), p-amyloid (26-42), p-amyloid (26-43) and p-amyloid 
(34-4 2) causes the deposition of water-soluble £-amyloid 
(1-40) r Biochemistry , 32 , 4693-4697 (1993)]. From such 
reports, the difference in the deposition manner between £- 

25 amyloid (1-40) and 0-amyloid (1-42) is considered to be 
largely related to Alzheimer's disease. When Alzheimer's 
disease is diagnosed, therefore, sensitive and 
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discriminative determination of (3-amyloid (1-40) and 0- 
amyloid (1-42) is important. However, suitable antibodies 
for this purpose have not been reported yet. 

An object of the present invention is to provide a 
5 novel antibody which can sensitively, specifically 
determine a p-amyloid having a C-terminal hydrophobic 
region or a derivative thereof, preferably a monoclonal 
antibody. Another object of the present invention is to 
provide a method for assaying a J3-amyloid or a derivative 
10 thereof with the antibody. 

Disclosure of Invention 

In order to solve the above-mentioned problem, the 
present inventors have conducted intensive investigations . 

15 As a result, the present inventors have prepared a 
plurality of monoclonal antibodies which recognize 
different portions of /5-amyloids or derivatives thereof and 
developed an excellent method for assaying 0-amyloids by 
the use of the antibodies, followed by further 

20 investigations, thus completing the present invention. 

That is, the present invention provides an antibody 
(preferably a monoclonal antibody) specifically reactive to 
a partial peptide on the C-terminal side of a ^-amyloid or 
a derivative thereof; a monoclonal antibody specifically 

25 reactive to a partial peptide on the N-terminal side of a 
JJ-amyloid or a derivative thereof; an antibody (preferably" 
a monoclonal antibody) specifically reactive to a partial 
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peptide in a central portion of a 0-amyloid or a derivative 
thereof; a hybridoma cell producing the monoclonal 
antibody; methods for producing the antibody and the ~ 
hybridoma cell; and an immunoassay for a £-amyloid or a 
5 derivative thereof by a competitive method or a sandwich 
method using the antibody (a method for diagnosing 
Alzheimer's disease, etc. ) . 

More particularly, the present inventors have prepared 
a plurality of monoclonal antibodies using p-arayloid (25- 

10 35), 0-amyloid (35-43), 0-amyloid (1-40) and 0-amyloid (1- 
16) as immunogens . By combination of the antibodies, the 
present inventors developed an immunoassay by which 0- 
amyloids or derivatives thereof can be detected with high 
sensitivity and specificity without cross reaction with 0- 

15 amyloid (1-28)- Namely, using £-amyloid (25-35), 0-amyloid 
(35-43) and p-amyloid (1-40) as immunogens, the present 
inventors have established monoclonal antibodies which 
recognize C- terminal portions of ^-amyloids or derivatives 
thereof, for example, antibodies designated BA-27a, BS-85a 

20 and BC-05a. Of these, BS-85a and BA-27a each only show an 
extremely low affinity for the /3-amyloids in a competitive 
immunoassay using labeled 0-amyloids . Nevertheless, 
studies have revealed that combinations of them with two 
kinds of antibodies selected from monoclonal antibodies to 

25 an N-terminal portion (^-amyloid (1-16)) of the /3-amyloids, 
namely antibodies designated BAN-052a and BAN-50a, can 
provide a sandwich immunoassay with extremely high 
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sensitivity to the 0-amyloids. Further, the present 
inventors have shown that a sandwich immunoassay in which 
BC-05a is combined with BAN— 50a detects the P-amyloids with 
high sensitivity in a formic acid extract from the brain of 
5 a patient with Alzheimer's disease without cross reaction 
with ]3-amyloid (1-40). Furthermore, the present inventors 
have established monoclonal antibodies which recognize 
partial peptides in central portions of P-amyloids or 
derivatives thereof, for example, the antibody designated 
10 BP-90a. 

One of the major features of the present invention is 
to provide sandwich immunoassays which allow highly 
sensitive and discriminative determination of /5-amyloid ( 1- 
40) and 0-amyloid (1-42). Namely, the sandwich immunoassay 

15 in which BA-27a is combined with BAN-052a or BAN— 50a can 
detect 3-amyloid (1-40), but can not detect ^-amyloid (1- 
42). Further, the sandwich immunoassay in which BC-05a is 
combined with BAN-052a or BAN-50a can detect j3-amyloid (1- 
42), but can not detect fi-amyloid (1-40). Furthermore, the 

20 sandwich immunoassay in which BS-85a is combined with BAN- 
052a or BAN-50a can detect 0-amyloid (1-40) and 0-amyloid 
(1-42). Therefore, according to the sandwich immunoassays 
in which the monoclonal antibodies of the present invention 
are combined, highly sensitive and discriminative 

25 quantification of £-amyloid (1-40) and /3-amyloid (1-42) can 
be conducted. Such a" technique is a surprising finding 
which can not be deduced from the prior art. 



More specif ically, the present invention provides: 

( 1 ) An antibody specifically reactive to a partial 
peptide on the C-terminal side of a J3-amyloid or a 
derivative thereof; 

(2) The antibody described in (1), in which said 
antibody does not recognize a partial peptide having an 
amino acid sequence represented by SEQ ID NO: 8 and a 
partial peptide having an amino acid sequence represented 
by SEQ ID NO: 9; 

(3) The antibody described in (1) , in which said 
antibody recognizes a partial peptide having an amino acid 
sequence represented by SEQ ID NO: 8, but does not 
recognize a partial peptide having an amino acid sequence 
represented by SEQ ID NO: 9; 

( 4 ) The antibody described in ( 1 ) / in which said 
antibody does not recognize a partial peptide having an 
amino acid sequence represented by SEQ ID NO: 8, but 
recognizes a partial peptide having an amino acid sequence 
represented by SEQ ID NO: 9; 

(5) The antibody described in any one of (1) to (4), 
in which said antibody is a monoclonal antibody; 

(6) A hybridoma cell producing the monoclonal antibody 
described in (5); 

(7) A monoclonal antibody indicated by BAN-05 2a and 
specifically reactive to a partial peptide on the N- 
terminal side of a 0-amyloid or a derivative thereof, in 
which said antibody recognizes a partial peptide having an 
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amino acid sequence represented by SEQ ID NO: 7 and/or a 
partial peptide having an amino acid sequence represented 
by SEQ ID NO: 10; 

(8) A monoclonal antibody indicated by BAN-50a and 
5 specifically reactive to a partial peptide on the N- 

terminal side of a /3-amyloid or a derivative thereof , in 
which said antibody recognizes a partial peptide having an 
amino acid sequence represented by SEQ ID NO: 7 and/or a 
partial peptide having an amino acid sequence represented 
10 by SEQ ID NO: 10;. 

( 9 ) A hybridoma cell producing the monoclonal antibody 
described in ( 7 ) ; 

(10) A hybridoma cell producing the monoclonal 
antibody described in (8); 

15 (11) An antibody specifically reactive to a p-amyloid 

or a derivative thereof, in which said antibody does not 
recognize a partial peptide having an amino acid sequence 
represented by SEQ ID NO: 7, but recognizes a partial 
peptide having an amino acid sequence represented by SEQ ID 

20 NO: 12; 

(12) The antibody described in (11), in which said 
antibody is a monoclonal antibody; 

(13) A hybridoma cell producing the monoclonal 
antibody described in (12); 

25 (14) A method for determining a /3-amyloid or a 

derivative thereof in a test solution which comprises using 
the antibody described in (1), (7), (8) or (11); 
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tis) A method for determining a 0-amyloid in a test 
solution which comprises using the antibody described in 

( I ) and the antibody described in ( 7 ) or ( 8 ) ; 

(16) A method for determining a p-amyloid in a test 
5 solution which comprises using the antibody described in 

(II) and the antibody described in (1) , (7) or (8); and 

(17) The method described in any one of (14) to (16), 
in which said method is used for diagnosis of Alzheimer's 
disease. 

10 Preferred embodiments of (1) described above are as 

follows: 

(18) The antibody described in (1), in which said J3- 
amyloid is a peptide having an amino acid sequence 
represented by SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, 

15 SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6; 

(19) The antibody described in (1), in which said 
derivative of the {5-amyloid is a peptide having an amino 
acid sequence consisting of the 2nd to the 4 2nd amino acids 
of an amino acid sequence represented by SEQ ID NO: 5, a 

20 peptide having an amino acid sequence consisting of the 3rd 
to the 42nd amino acids of the amino acid sequence 
represented by SEQ ID NO: 5, the N-terminal glutamic acid 
being substituted by pyroglutamic acid, a peptide having an 
amino acid sequence consisting of the 4th to the 42nd amino 

25 acids of the amino acid sequence represented by SEQ ID NO: 
5, or a peptide having an amino acid sequence lacking the 
1st to the 16th amino acids or the 1st to the 17th amino 
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acids from an amino acid sequence represented by any one of 
SEQ ID NO: 1 to SEQ ID NO: 6; 

(20) The antibody described in (1) , in which the" 
partial peptide on the C-tenninal side of the fJ-amyloid or 

5 the derivative thereof is a partial peptide having an amino 
acid sequence beginning from the 25th or later amino acid 
from the N- terminal amino acid of the p-amyloid; 

(21) The antibody described in (1) , (18) to (20), in 
which said antibody does not recognize a partial peptide 

10 having an amino acid sequence represented by SEQ ID NO: 7; 

(22) The antibody described in (1), (18) to (21), in 
which said antibody recognizes a partial peptide having an 



amino acid sequence represented by SEQ ID NO: 8; and 

(23) The antibody described in (1), (18) to (21), in 
15 which said antibody recognizes a partial peptide having an 
amino acid sequence represented by SEQ ID NO: 9. 

Preferred embodiments of (2) described above are as 
follows : 



20 peptide on the C- terminal side of a ^-amyloid having an 
amino acid sequence represented by SEQ ID NO: 1, a f5- 
amyloid having an amino acid sequence represented by SEQ ID 
NO: 2 and/or a p-amyloid having an amino acid sequence 
represented by SEQ ID NO: 3, in which said antibody does 

25 not recognize a partial peptide having an amino acid 
sequence represented by SEQ ID NO: 8 and/or a partial 
peptide having an amino acid sequence represented by SEQ ID 



(24) An antibody specifically reactive to a partial 
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NO: 9; and 

(25) The antibody described in (24), in which said 
antibody recognizes a partial peptide having an amino" acid 
sequence represented by SEQ ID NO: 5* 

A preferred embodiment of (3) described above is as 
follows : 

(26) An antibody specifically reactive to a partial 
peptide on the C-terminal side of a jJ-amyloid having an 
amino acid sequence represented by SEQ ID NO: 1, a 
amyloid having an amino acid sequence represented by SEQ ID 
NO: 2, a £- amyloid having an amino acid sequence 
represented by SEQ ID NO: 3 and/or a {3-amyloid having an 
amino acid sequence represented by SEQ ID NO: 5, in which 
said antibody recognizes a partial peptide having an amino 
acid sequence represented by SEQ ID NO: 8, but does not 
recognize a partial peptide having an amino acid sequence 
represented by SEQ ID NO: 9- 

Preferred embodiments of (4) described above are as 
follows: 

(27) An antibody specifically reactive to a 0-amyloid 
or a derivative thereof contained in a formic acid extract 
from the brain of a patient with Alzheimer's disease, in 
which said antibody does not recognize a partial peptide 
having an amino acid sequence represented by SEQ ID NO: 8, 
but recognizes a partial peptide having an amino acid 
sequence represented by SEQ ID NO: 9; 

(28) The antibody described in {21), in which said £- 
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amyloid or said derivative thereof contained in the formic 
acid extract from the brain of the patient with Alzheimer's 
disease is a JS-amyloid having an amino acid sequence ~ 
represented by SEQ ID NO: 5; and 
5 (29) The antibody described in (28), in which said 

antibody does not recognize a /J-amyloid having an amino 
acid sequence represented by SEQ ID NO: 1, a £-amyloid 
having an amino acid sequence represented by SEQ ID NO: 2 
and a £-amyloid having an amino acid sequence represented 
10 by SEQ ID NO: 3. 

Preferred embodiments of (5) described above are as 
follows: 

(30) The monoclonal antibody described in (24) or 
(25)/ in which said antibody is indicated by BA-27a; 
15 (31) The monoclonal antibody described in (26), in 

which said antibody is indicated by BS-85a; and 

(32) The monoclonal antibody described in (27) to 
[29), in which said antibody is indicated by BC-05a. 
Particularly preferred is 
20 (33) The antibody described in any one of (1) to (5) 

and (18) to (32) , in which said antibody is used for 
determination of a p-amyloid or a derivative thereof by a 
sandwich enzyme immunoassay. 

Preferred embodiments of (6) described above are as 
25 follows: 

(34) A hybridoma cell producing the monoclonal 
antibody described in (30); 
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(35) A hybridoma cell producing the monoclonal 
antibody described in (31); and 

(36) A hybridoma cell producing the monoclonal — 
antibody described in (32). 

5 Preferred embodiments of (7) and (8) described above 

are as follows: 

(37) The monoclonal antibody described in (7) or (8), 
in which said 0-amyloid is a peptide having an amino acid 
sequence represented by SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID 

10 NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6; 

(38) The monoclonal antibody described in (7) or (8), 
in which said derivative of the £-amyloid is a peptide 
having an amino acid sequence consisting -of the 2nd to the 
42nd amino acids of an amino acid sequence represented by 

15 SEQ ID NO: 5, a peptide having an amino acid sequence 

consisting of the 3rd to the 42nd amino acids of the amino 
acid sequence represented by SEQ ID NO: 5, and whose N- 
terminal glutamic acid being substituted by pyroglutamic 
acid/ or a peptide having an amino acid sequence consisting 

20 of the 4th to the 42nd amino acids of the amino acid 
sequence represented by SEQ ID NO: 5; and 

(39) The antibody described in any one of (7), (8), 
(37) or (38) , in which said antibody is used for 
determination of a JJ-amyloid or a derivative thereof by a 

25 sandwich enzyme immunoassay. 

Preferred embodiments of (11) described above are as 
follows : 
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(40) The antibody described in (11), in which said 0- 
amyloid is a peptide having an amino acid sequence 
represented by SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO:- 3, 
SEQ ID NO: 4, SEQ ID NO: 5 or SEQ ID NO: 6; 
5 (41) The antibody described in (11), in which said 

derivative of the jJ-amyloid is a peptide having an amino 
acid sequence consisting of the 2nd to the 42nd amino acids 
of an amino acid sequence represented by SEQ ID NO: 5, a 
peptide having an amino acid sequence consisting of the 3rd 

10 to the 42nd amino acids of the amino acid sequence 

represented by SEQ ID NO: 5, and whose N-terminal glutamic 
acid being substituted by pyroglutamic acid, a peptide 
having an amino acid sequence consisting of the 4th to the 
42nd amino acids of the amino acid sequence represented by 

15 SEQ ID NO: 5, or a peptide having an amino acid sequence 
lacking the 1st to the 16th amino acids or the 1st to the 
17th amino acids from an amino acid sequence represented by 
any one of SEQ ID NO: 1 to SEQ ID NO: 6; 

(42) The antibody described in (11), in which said J3- 

20 amyloid or said derivative thereof is a peptide having an 

amino acid sequence lacking the 1st to the 16th amino acids 
or the 1st to the 17th amino acids from an amino acid 
sequence represented by any one of SEQ ID NO: 1 to SEQ ID 
NO: 6; 

25 (43) The antibody described in (11), in which said £- 

amyloid or said derivative thereof is a peptide having an 
amino acid sequence lacking the 1st to the 16th amino acids 
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or the 1st to the 17th amino acids from an amino acid 
sequence represented by SEQ ID NO: 3; 

(44) The antibody described in (11) , (40) or (43~) , in 
which said antibody recognizes a peptide having an amino 

5 acid sequence represented by SEQ ID NO: 11; and 

(45) The antibody described in (11)/ (40) or (43) , in 
which said antibody is used for determination of a 
amyloid or a derivative thereof by a sandwich enzyme 
immunoassay. 

10 A preferred embodiment of (12) described above is as 

follows : 

(46) The monoclonal antibody described in (12) , in 
which said antibody is indicated by BP-90a. 

A preferred embodiment of (13) described above is as 
15 follows: 

(47) A hybridoma cell producing the monoclonal 
antibody described in (46). 

A preferred embodiment of (14) described above is as 
follows : 

20 (48) A method for determining a 0-amyloid or a 

derivative thereof in a test solution which comprises 
competitively reacting the antibody described in ( 1 ) f ( 7 ) , 
(8) or (11) with the test solution and a labeled ^-amyloid 
or a derivative thereof, and measuring the ratio of the 

25 labeled /5-amyloid or the derivative thereof bound to said 
antibody. 

Preferred embodiments of (15) described above are as 
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follows : 

(49) A method for determining a 0-amyloid or a 
derivative thereof in a test solution which comprises- 
reacting an antibody to a ^-amyloid or a derivative thereof 
5 insolubilized on a carrier, a labeled antibody to a £- 

amyloid or a derivative thereof and the test solution with 
one another, and then, measuring the activity of a labeling 
agent on the carrier, one of the antibody to the P-amyloid 
or the derivative thereof insolubilized on the carrier and 
10 the labeled antibody to the 0-amyloid or the derivative 

thereof being the antibody described in (1), and the other 
being an antibody which recognizes a partial peptide having 
an amino acid sequence represented by SEQ ID NO: 7 or SEQ 
ID NO: 10; 

15 (50) The determining method described in (49), in 

which the antibody which recognizes the partial peptide 
having the amino acid sequence represented by SEQ ID NO: 7 
or SEQ ID NO: 10 is a monoclonal antibody indicated by BAN— 
052a or BAN- 50a ; 

20 (51) The determining method described in (49), in 

which one of the antibody to the JJ-amyloid insolubilized on 
the carrier and the labeled antibody to the J3-amyloid is a 
monoclonal antibody indicated by BA-27a, BS-85a or BC-05a, 
and the other is a monoclonal antibody indicated by BAN- 

25 052a or BAN-50a; 

(52) The determining method described in (49), in 
which one of the antibody to the P-amyloid insolubilized on 
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the carrier and the labeled antibody to the 0-amyloid is a 
monoclonal antibody indicated by BA-27a, the other is a 
monoclonal antibody indicated by RAN-052a or BAN-50a7 and 
the J3-amyloid or the derivative thereof is a peptide having 
5 an amino acid sequence represented by SEQ ID NO: 1, a 

peptide having an amino acid sequence represented by SEQ ID 
NO: 2, a peptide having an amino acid sequence represented 
by SEQ ID NO: 3 and/or a peptide having an amino acid 
sequence represented by SEQ ID NO: 5; 

10 (53) The determining method described in (49) , in 

which one of the antibody to the {3-amyloid insolubilized on 
the carrier and the labeled antibody to the 0-amyloid is a 
monoclonal antibody indicated by BS-85a, the other is a 
monoclonal antibody indicated by BAN-052a or BAN— 50a , and 

15 the P-amyloid or the derivative thereof is a peptide having 
an amino acid sequence represented by SEQ ID NO: 1, a 
peptide having an amino acid sequence represented by SEQ ID 
NO: 2, a peptide having an amino acid sequence represented 
by SEQ ID NO: 3 and/or a peptide having an amino acid 

20 sequence represented by SEQ ID NO: 5; and 

(54) The determining method described in (49), in 
which one of the antibody to the p-amyloid insolubilized on 
the carrier and the labeled antibody to the P-amyloid is a 
monoclonal antibody indicated by BC-05a, the other is a 

25 monoclonal antibody indicated by BAN-052a or BAN— 50a , and 

the p-amyloid or the derivative thereof is a peptide having * 
an amino acid sequence represented by SEQ ID NO: 5. 



- 20 - 



Preferred embodiments of (16) described above are as 
follows : 

(55) A method for determining a £-amyloid or a " 
derivative thereof in a test solution which comprises 

5 reacting an antibody to a 0-amyloid or a derivative thereof 
insolubilized on a carrier, a labled antibody to a £- 
amyloid or a derivative thereof and the test solution with 
one another , and then, measuring the activity of a labeling 
agent on the carrier, one of the antibody to the p-arayloid 

10 or the derivative thereof insolubilized on the carrier and 
the labled antibody to the £-amyloid or the derivative 
thereof being the antibody described in (11), and the other 
being the antibody described in (1) or an antibody which 
recognizes a partial peptide having an amino acid sequence 

15 represented by SEQ ID NO: 7 or SEQ ID NO: 10? 

(56) The determining method described in (55), in 
which the antibody which recognizes the partial peptide 
having the amino acid sequence represented by SEQ ID NO: 7 
or SEQ ID NO: 10 is a monoclonal antibody indicated by BAN- 

20 052a or BAN-50a; 

(57) The determining method described in (55), in 
which one of the antibody to the fJ-amyloid insolubilized on 
the carrier and the labled antibody to the p-amyloid is a 
monoclonal antibody indicated by BP-90a, and the other is a 

25 monoclonal antibody indicated by BA-27a, BS-85a, BC-05a, 
BAN-052a or BAN-50a; 

(58) The determining method described in (55), in 
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which one of the antibody to the P-amyloid insolubilized on 
the carrier and the labeled antibody to the p-amyloid is a 
monoclonal antibody indicated by BP-90a, the other is a 
monoclonal antibody indicated by BAN- 05 2a or BAN-50a, and 
5 the p-amyloid or the derivative thereof is a peptide having 
an amino acid sequence represented by SEQ ID NO: 1, a 
peptide having an amino acid sequence represented by SEQ ID 
NO: 2, a peptide having an amino acid sequence represented 
by SEQ ID NO: 3, a peptide having an amino acid sequence 
10 represented by SEQ ID NO: 4, a peptide having an amino acid 
sequence represented by SEQ ID NO: 5 and/or a peptide 
having an amino acid sequence represented by SEQ ID NO: 6; 
and 

(59) The determining method described in (55) r in 
15 which one of the antibody to the £-amyloid insolubilized on 
the carrier and the labeled antibody to the £-amyloid is a 
monoclonal antibody indicated by BP-90a, the other is a 
monoclonal antibody indicated by BA-27a, BS-85a or BC-05a r . 
and the £-amyloid or the derivative thereof is a peptide 
20 having an amino acid sequence lacking the 1st to the 16th 
amino acids or the 1st to the 17th amino acids from an 
amino acid sequence represented by any one of SEQ ID NO: 1 
to SEQ ID NO: 6. 

Of the anti-p-amyloid antibody-producing hybridomas 
25 obtained by the present invention, BAN-052, BA-27 and BS-85 
were deposited with tTie Institute for Fermentation, Osaka, 
Japan (IFO) under the following accession numbers on 
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December 22 , 1992, and with the National Institute of 
Bioscience and Human- technology, the Agency of Industrial 
Science and Technology, the Ministry of International Trade 
and Industry, Japan (NIBH) under the following accession 
5 numbers on January 7, 1993. 

Hvbridoma IFO FERM-BP (NIBH^ 

BAN-052 50386 4138 

BA-27 50387 4139 " 

BS-85 50388 4140 

10 Further, of the hybridoma cells obtained by the 

present invention, BAN-50 was deposited with the Institute 
for Fermentation, Osaka, Japan (IFO) under the following 
accession number on January 8, 1993, and with the National 
Institute of Bioscience and Human- techno logy, the Agency of 
15 Industrial Science and Technology, the Ministry of 

International Trade and Industry, Japan (NIBH) under the 
following accession number on January 27, 1993. 

Hvbridoma IFO FERM-BP fNIBHl 

BAN-50 50390 4163 

20 Furthermore, of the hybridoma cells obtained by the 

present invention, BC-05 and BP-9 0 were deposited with the 
National Institute of Bioscience and Human- technology , the 
Agency of Industrial Science and Technology, the Ministry 
of International Trade and Industry, Japan (NIBH) under the 
25 following accession numbers on November 2, 1993. 

" Hvbridoma FERM-BP (NIBH1 

BC-05 4457 




15 



BP-90 4458 

The antibody obtained from each hybridomas represented 
by attaching the suffix "a" to the hybridoma name. ~ 

Of the SEQ ID NOs used in this specification/ SEQ ID 
NO: 1 to SEQ ID NO: 12 indicate amino acid sequences of the 
following peptides: 

[SEQ ID NO: 1] 0-Amyloid (1-38) 

[SEQ ID NO: 2] 0-Amyloid (1-39) 

[SEQ ID NO: 3] 0-Amyloid (1-40) 



[SEQ ID NO 
[SEQ ID NO 
[SEQ ID NO 
[SEQ ID NO 
[SEQ ID NO 
[SEQ ID NO 
[SEQ ID NO 
[SEQ ID NO 
[SEQ ID NO 



10 [SEQ ID NO: 4] 0-Amyloid (1-41) 

5] 0-Amyloid (1-42) 
6] 0-Arayloid (1-43) 
7] p-Amyloid (1-28) 
8] P-Amyloid (25-35) 
9] p-Amyloid (35-43) 
10] 0-Amyloid (1-16) 
11] 3-Amyloid (17-28) 
12] J3-Amyloid (18-28) 
The 3-amyloids used in the present invention include 
20 3-amyloid (1-38) having the amino acid sequence represented 
by SEQ ID NO: 1, 3-amyloid (1-39) having the amino acid 
sequence represented by SEQ ID NO: 2, 0-amyloid (1-40) 
having the amino acid sequence represented by SEQ ID NO: 3, 
3-amyloid (1-41) having the amino acid sequence represented 
25 by SEQ ID NO: 4, 0-amyloid (1-4 2) having the amino acid 

sequence represented by SEQ ID NO: 5, and 3-amyloid (1-43) 
having the amino acid sequence represented by SEQ ID NO: 6. 




The derivatives of the J3-amyloids used in the present 
invention include peptides each lacking about 1 to 17 amino 
acid residues from the N-tenninal portions of the above- 
mentioned 0-amyloids, peptides in which L-aspartic acid of 
5 the above-mentioned {3-amyloids is isomerized to L- 

isoaspartic acid, D-isoaspartic acid or D-aspartic acid, 
and peptides in which the N-terminal portions of the above- 
mentioned p-amyloids have pyroglutamic acid. Examples 
thereof include the peptide having the amino acid sequence 

10 consisting of the 2nd to the 4 2nd amino acids of the amino 
acid sequence represented by SEQ ID NO: 5, the peptide 
having the amino acid sequence consisting of the 3rd to the 
42nd amino acids of the amino acid sequence represented by 
SEQ ID NO: 5 and the N-terminal glutamic acid being 

15 substituted by pyroglutamic acid, the peptide having the 

amino acid sequence consisting of the 4th to the 42nd amino 
acids of the amino acid sequence represented by SEQ ID NO: 
5, and the peptide having the amino acid sequence lacking 
the 1st to the 16th amino acids or the 1st to the 17th 

20 amino acids from the amino acid sequence represented by any 
one of SEQ ID NO: 1 to SEQ ID NO: 6 (for example, 0-amyloid 
(17-40) or ^-amyloid (18-40)). These ^-amyloids or the 
derivatives thereof can be prepared, for example, from 
mammals such as humans, monkeys, rats and mice by methods 

25 which are per se known, and may also be purified natural 
samples which are commercially available. 

Examples of the partial peptides on the C-terminal 



sides of the 0-amyloids or the derivatives thereof include 
the partial peptides having the amino acid sequences each 
beginning from the 25th or later amino acids from the" N- 
terminal amino acids of the p-amyloids. 

Examples of the antibodies (preferably the monoclonal 
antibodies) specifically reactive to the partial peptides 
on the C-terminal sides of the 0-amyloids or the 
derivatives thereof include the antibodies which recognize 
the partial peptides or the derivatives thereof, but do not 
recognize the partial peptide having the amino acid 
sequence represented by SEQ ID NO: 7 (namely, the partial 
peptide on the N-terminal sides of the J3-amyloids, which is 
represented by £-arayloid (1-28)). More specifically, of 
these antibodies, the following antibodies are preferred: 

(i) The antibodies which do not recognize the partial 
peptides each having the amino acid sequences represented 
by SEQ ID NO: 8 and SEQ ID NO: 9 (namely, ^-amyloid (25-35) 
and p-amyloid ( 35-43 ) ) ; 

(ii) The antibodies which recognize the partial 
peptide having the amino acid sequences represented by SEQ 
ID NO: 8 (namely, £ -amyloid (25-35)), and more preferably 
the antibodies which recognize the partial peptide having 
the amino acid sequence represented by SEQ ID NO: 8 (namely 
(J-amyloid (25-35)), but do not recognize the partial 
peptide having the amino acid sequence represented by SEQ 
ID NO: 9 (namely p-amyloid (35-43)); and 

(iii) The antibodies which recognize the partial 




peptide having the amino acid sequences represented by SEQ 
ID NO: 9 (namely, £-amyloid (35-43) ), and more preferably 
the antibodies which do not recognize the partial peptide 
having the amino acid sequence represented by SEQ ID NO: 8 
5 (namely £-amyloid (25-35) ), but recognize the partial 

peptide having the amino acid sequence represented by SEQ 
ID NO: 9 (namely 0-amyloid (35-43)). 

Of the antibodies of (i) described above, the 
antibodies are preferred which particularly recognize £- 

10 amyloid (1-38) having the amino acid sequence represented 
by SEQ ID NO: 1, 0-amyloid (1-39) having the amino acid 
sequence represented by SEQ ID NO: 2 and/or 0-amyloid (1- 
40) having the amino acid sequence represented by SEQ ID 
NO: 3. Further, the antibodies are preferred which 

15 recognize £-amyloid (1-38) having the amino acid sequence 
represented by SEQ ID NO: 1, 0-amyloid (1-39) having the 
amino acid sequence represented by SEQ ID NO: 2, P-amyloid 
(1-40) having the amino acid sequence represented by SEQ ID 
NO: 3 and ^-amyloid (1-4 2) having the amino acid sequence 

20 represented by SEQ ID NO: 5. 

Of the antibodies of (ii) described above, the 
antibodies are preferred which particularly recognize p- 
amyloid (1-38) having the amino acid sequence represented 
by SEQ ID NO: 1, /3-amyloid (1-39) having the amino acid 

25 sequence represented by SEQ ID NO: 2, 0-amyloid (1-40) 

having the amino acid sequence represented by SEQ ID NO: 3 
and/or p-amyloid (1-42) having the amino acid sequence 



• 



represented by SEQ ID NO: 5. 

Further , of the antibodies of (iii) described above , 
the antibodies are preferred which particularly recognize 
the p-ainyloids contained in the formic acid extracts from 
5 the brains of the patients with Alzheimer's disease 
(particularly, {i-amyloid (1-42) having the amino acid 
sequence represented by SEQ ID NO: 5). Furthermore, the 
antibodies are preferred which recognize fl-amyloid (1-4 2) 
having the amino acid sequence represented by SEQ ID NO: 5, 

10 but do not recognize 0-amyloid (1-38) having the amino acid 
sequence represented by SEQ ID NO: 1, ^-amyloid (1-39) 
having the amino acid sequence represented by SEQ ID NO: 2 
and ^-amyloid (1-40) having the amino acid sequence 
represented by SEQ ID NO: 3. 

15 Typical examples of the antibodies of (i) described 

above include the monoclonal antibody indicated by BA-27a, 
typical examples of the antibodies of (ii) described above 
include the monoclonal antibody indicated by BS-85a, and 
typical examples of the antibodies of (iii) described above 

20 include the monoclonal antibodies indicated by BC-05a, BC- 
15a, BC-65a, BC-75a and BC-55a (particularly, BC-05a is 
preferred ) . 

Then, the monoclonal antibodies specifically reactive 
to the partial peptides on the N- terminal sides of the £- 
25 amyloids or the derivatives thereof used in the present 
invention include, for example, the monoclonal antibodies 
which recognize the partial peptide having the amino acid 
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sequence represented by SEQ ID NO: 7 (0-amyloid (1-28)) 
and/or the partial peptide having the amino acid sequence 
represented by SEQ ID NO: 10 (£-amyloid (1-16)). 
Specifically, the monoclonal antibodies indicated by BAN- 
5 50a, BAN-052a, BAN-lla, BAN- 30a, BAN- 20a and BAN— 40a are 
shown, and particularly, the monoclonal antibodies 
indicated by BAN-052a and BAN-50a are preferred. 

Further, the monoclonal antibodies specifically 
reactive to the partial peptides in the central portions of 
10 the 3-amyloids or the derivatives thereof used in the 
present invention include, for example, the antibodies 
(preferably, the monoclonal antibodies) which do not 
recognize the partial peptide having the amino acid 
sequence represented by SEQ ID NO: 7 and recognize the 
15 partial peptide having the amino acid sequence represented 
by SEQ ID NO: 12. Of these antibodies, the antibodies are 
preferred which particularly recognize the peptides having 
the amino acid sequences each lacking the 1st to the 16th 
amino acids or the 1st to the 17th amino acids from the 
20 amino acid sequences represented by any one of SEQ ID NO: 1 
to SEQ ID NO: 6. In particular , the antibodies are 
preferred which particularly recognize the peptide having 
the amino acid sequence lacking the 1st to the 16th amino 
acids from the amino acid sequence represented by SEQ ID 
25 NO: 3 (the amino acid sequence of SEQ ID NO: 11) or the 

peptide having" the amino acid sequence lacking the 1st to 
the 17th amino acids therefrom (the amino acid sequence of 




SEQ ID NO: 12). Specif ically, the monoclonal antibodies 
indicated by BP-Ola, BP-02a, BP-03a and BP-90a are used. 
Of these monoclonal antibodies, BP-03a and BP-90a can also 
recognize the partial peptide having the amino acid 
5 sequence indicated by SEQ ID NO: 11. Of these monoclonal 
antibodies , BP-90a is particularly suitable. 

Methods of preparing the antigens and methods of 
preparing the monoclonal antibodies are explained below in 
detail . 

10 (1) Preparation of Antigens 

As antigens used for preparing the antibodies of the 
present invention, for example, any of the j3-amyloids or 
the derivatives thereof, partial peptides obtained by 
hydrolyzing the ^-amyloids or the derivatives thereof and 

15 synthetic peptides having one or more kinds of antigenic 
determinants which are the same as those of the 0-amyloids 
can be used (these are hereinafter also briefly referred to 
as JJ-amyloid antigens ) . 

As the p-amyloids or the derivatives thereof, the 

20 above-mentioned ones are used. These /3-amyloids or the 
derivatives thereof can be prepared, for example, from 
mammals such, as humans, monkeys, rats and mice by methods 
which are per se known, and may also be purified natural 
samples which are commercially available. 

25 Examples of the partial peptides obtained by 

hydrolyzing the 0-amyloids include partial peptides 
obtained by hydrolyzing 0-amyloid (1-43) having the amino 




acid sequence represented by SEQ ID NO: 6 successively from 
the N-terminus and/or the C-terminus with exoproteases such 
as aminopeptidase and carboxypeptidase or mixtures tfiereof , 
and partial peptides obtained by hydrolyzing 0-amyloid (1- 
5 43) with various endopeptidases or mixtures thereof. When 
0-amyloid (1-42) is prepared by this method, the sample is 
contaminated with /3-amyloid (1-41) and/or p-amyloid (1-43) 
in some cases . 

Examples of the synthetic peptides used in the present 

10 invention include peptides having the same structure as the 
above-mentioned purified natural ^-amyloid antigens, and 
peptides having one or more kinds of amino acid sequences 
which are the same as those of any portions consisting of 
at least 3 amino acids, preferably at least 6 amino acids 

15 in the amino acid sequences of p-amyloid (1-43), etc. 
(hereinafter briefly referred to as {3-amyloid-relating 
synthetic peptides ) . 

The above-mentioned synthetic peptides can be produced 
by methods known in the art, which may be either solid 

20 phase synthesis methods or liquid phase synthesis methods . 
Examples of such methods for peptide synthesis include 
methods described in B . Merrifield, J, Am. Chem- Soc. , 85, 
2149 (1963); M. Bodanszky and M. A. Ondetti, Peptide 
Synthesis , Interscience Publishers, New York (19 66); 

25 Schroder and Lubke, The Peptide , Academic Press, New York, 
(1965); N • Izumiya et al w Peptide Gosei no Kiso to Jikken 
(Fundamentals and Experiments of Peptide Synthesis ! , 




Maruzen (1985); and H. Yazima and S. Sakakibara, Seikaaaku 
Jikken Koza 1 (Course of Biochemical Experiments IK 
Chemistry of Proteins IV , 205 (1977). For example, When 
the 0-amyloids or the £-amyloid-relating synthetic peptides 
5 are synthesized by the solid methods, any resins known in 
the art as insoluble resins (such as chloromethyl resins 
and 4-oxymethylphenylacetamidomethyl resins) are used for a 
successive condensation of protected amino acids to the C- 
tenninal sides of the P-amyloids or the P-amyloid-relating 

10 synthetic peptides according to usual methods. Then, all 
the protective groups are removed by hydrogen fluoride 
treatment, followed by purification by methods which are 
per se known f such as high performance liquid 
chromatography- Thus, the desired ^-amyloids or J3-amyloid- 

15 relating synthetic peptides can be obtained. 

N-protected amino acids can be produced by the methods 
of protecting the a-amino groups with Boc groups; further, 
for example, the hydroxyl groups of serine and threonine 
with Bzl groups; the u-carboxylic acid groups of glutamic 

20 acid and aspartic acid with OBzl groups; the 6-amino group 
of lysine with a Cl-Z group; the guanido group of arginine 
with a Tos group; and the imidazole group of histidine with 
a Bom group. 

When amino acids and so on are indicated by 

25 abbreviations in the specification of this invention, the 
abbreviations adopted by the IUPAC-IUB Commission on 
Biochemical Nomenclature or commonly used in the art are 
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employed. For example, the following abbreviations are 
used. When the amino acids are capable of existing as 
optical isomers, it is understood that the L-forms are 





represented 


unless otherwise specified. 


5 


PAM i 


; Phenylacetamidomethyl 




Boc : 


: t-Butyloxycarbonyl 




Cl-Z : 


• 2 -Ch 1 or o -ben zy loxy c a rbony 1 




Br-Z : 


2-Bromo-benzyloxycarbonyl 




Bzl : 


Benzyl 


10 


OcHex : 


Cyclohexyl ester 




OBzl : 


Benzyl ester 




Tos : 


p-Toluenesulf onyl 




HOBt : 


1-Benzotriazole 




MeBzl : 


4-Methylbenzyl 


15 


Bom : 


Benzyloxymethyl 




DCC 2 


N, N ' — Dicyclohexylcarbodiimide 




Gly : 


Glycine 




Ala : 


Alanine 




Val : 


Valine 


20 


Leu : 


Leucine 




He : 


Isoleucine 




Ser : 


Serine 




Thr : 


Threonine 




Cys : 


Cysteine 


25 


Met : 


Methionine 




Glu : 


Glutamic acid 




Asp : 


Aspartic acid 
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Lys 


• 
• 


Lysine 


Arg 


• 
• 


Arginine 


His 


• 
• 


Histidine - 


Phe 




Phenylalanine 


Tyr 




Tyrosine 


Trp 


• 
• 


Tryptophan 


Pro 




Proline 


Asn 


• 
* 


Asparagine 


Gin 


• 


Glut: amine 


Because 


the p-amyloid antigens aggregate easily , 



insolubilized ones can also be directly immunized. 
Further , complexes in which the 0-amyloid antigens are 
bound to or adsorbed by appropriate carriers may also be 
immunized. For the carriers and the mixing ratio of the 

15 carriers to the /3-amyloid antigens (haptens), the antigens 
may be bound to or adsorbed by any carriers at any ratio, 
as long as antibodies effectively raised to the j3-amyloid 
antigens bound to or adsorbed by the carriers. Complexes 
can be used in which the hapten antigens are bound to or 

20 adsorbed by natural or synthetic polymer carriers which are 
usually used in preparing antibodies to the hapten antigens 
at a weight ratio of 0.1-100 based on 1 of hapten. The 
natural polymer carriers include, for example, serum 
albumin of mammals such as bovine, rabbits and human, 

25 thyroglobulin of mammals such as bovine and rabbits, 

hemoglobin of mammals such as bovine, rabbits, human and 
sheep, and keyhole limpet hemocyanin. Examples of the 



•••• 



*• •••• 

• » « 

• # ••• 



synthetic polymer carriers which can be used include 
various latexes of polymers or copolymers such as amino 
acid polymers, styrene polymers , acrylic polymers , vxhyl 
polymers and propylene polymers. 

In addition, various condensing agents can be used for 
coupling of the haptens and the carriers. Examples of the 
condensation agents which are conveniently used include 
diazonium compounds such as bis-diazotized benzidine which 
crosslinks tyrosine, histidine and tryptophan; dialdehyde 
compounds such as glutaraldehyde which crosslinks amino 
groups together; diisocyanate compounds such as toluene- 
2,4-diisocyanate; dimaleimide compounds such as N,N'-o- 
phenylenedimaleimide which crosslinks thiol groups 
together; maleimide active ester compounds which crosslink 
amino groups and thiol groups; and carbodiimide compounds 
crosslinking amino groups and carboxyl groups. When amino 
groups are crosslinked together, there is another way in 
which an active ester reagent (for example, SPDP) having a 
dithiopyridyl group is reacted with one amino acid, 
followed by reduction to introduce a thiol group, whereas a 
maleimide group is introduced into the other amino group by 
the use of a maleimide active ester reagent, and then, both 
can be reacted with each other. 
(2) Preparation of Monoclonal Antibodies 

The 0-amyloid antigens are given alone or together 
with carriers and diluents to warm-blooded animals at 
antibody-producible sites, for example, by intraperitoneal, 
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intravenous and subcutaneous injections . When the 0- 
amyloid antigens are given f Freund's complete adjuvant or 
Freund's incomplete adjuvant may be given to enhance " 
antibody producing ability. The dosing is usually carried 
5 out once every 2 to 6 weeks, totally 2 to 10 times. The 
warm-blooded animals include, for example, monkeys, 
rabbits, dogs, guinea pigs, mice, rats, sheep, goat and 
chickens. For preparation of the monoclonal antibodies, 
mice and rats are preferably used. 

10 In preparing the monoclonal antibodies, individuals 

showing a high antibody titer are selected from the warm- 
blooded animals, for example, mice, immunized with the 0- 
amyloid antigens . After 2 to 5 days from the final 
immunization, the spleens or the lymph nodes are 

15 collected therefrom, and antibody-producing cells contained 
therein aire fused with myeloma cells, whereby anti-0- 
amyloid monoclonal antibody-producing hybridomas can be 
prepared. The anti-0-amyloid antibody titer in the serum 
is determined, for example, by reacting a labeled p-amyloid 

20 described below with an antiserum, and then assaying the 
activity of an labeling agent bound to the antibody. The 
fusing procedure can be conducted according to methods 
known in the art, for example, the method of Kohler and 
Milstein [Nature, 256 , 495 (1975)]. Fusion accelerators, 

25 including polyethylene glycol (PEG) and Sendai virus, may 
be used. In particular, PEG is preferably used. Examples 
of the myeloma cells include NS-1, P3U1, SP2/0 and AP-1, 



and P3U1 is preferably used. The ratio of the antibody- 
producing cells (spleen cells) to be used to the myeloma 
cells is preferably about 1:1 to 20:1. PEG (preferably PEG 
1,000 to PEG 6,000) can be added in a concentration of 
about 10 to 80%, followed by incubation at 20 to 40°C, 
preferably 30 to 37°C, for 1 to 10 minutes, thereby 
effectively performing cell fusion. 

Various methods can be used for screening the anti-JJ- 
amyloid antibody-producing hybridomas. Examples of such 
methods include a method comprising adding a hybridoma 
culture supernatant to a solid phase (for example, a 
microplate) by which a ^-amyloid or a ^-amyloid-relating 
synthetic peptide is allowed to be adsorbed directly or 
together with a carrier, and then, adding an anti- 
immunoglobulin antibody (when a mouse cell is used for cell 
fusion, an anti-mouse immunoglobulin antibody is used) or 
protein A labeled with a radioactive material or an enzyme 
to detect an anti-0-amyloid monoclonal antibody bound to 
the solid phase; and a method comprising adding a hybridoma 
culture supernatant to a solid phase by which an anti- 
immunoglobulin antibody or Protein A is allowed to be 
adsorbed, and adding a J3-amyloid labeled with a radioactive 
material or an enzyme to detect an anti-£-amyloid 
monoclonal antibody bound to the solid phase. Selection 
and breeding of the anti-p-amyloid monoclonal antibody are 
usually conducted in a medium for animal cells supplemented 
with 10-20% fetal calf serum (for example, RPMI 1640), to 



which HAT (hypoxan thine , aminopterin and thymidine) is 
added. The antibody titer of the hybridoma culture 
supernatant can be assayed in a manner similar to the" 
above-mentioned assay of the anti-£-amyloid monoclonal 
antibody in the anti-serum. 

Separation and purification of the anti-P-amyloid 
monoclonal antibodies are carried out similarly to usual 
separation and purification of polyclonal antibodies 
according to separating and purifying methods of 
immunoglobulin [for example, salt precipitation , alcohol 
precipitation, isoelectric precipitation, electrophoresis, 
adsorption and desorption with ion exchange materials (for 
example, DEAE), ultracentrif ugation, gel filtration and 
specific purification in which only the antibodies are 
collected with active adsorbing agents such as antigen- 
binding solid phases , protein A and protein G] . 
Further, the hybridoma producing the anti-J3-amyloid 
monoclonal antibody reactive to a partial region of the £- 
amyloid and the hybridoma producing the anti-£-amyloid 
monoclonal antibody reactive to the 0-amyloid , but 
unreactive to a partial region thereof can be selected, for 
example, by assaying the binding property of a peptide 
corresponding to the partial region and an antibody 
produced by the hybridoma . 

The antibody of the present invention thus obtained 
which is specifically reactive to the partial peptide on 
the C-terminal side of the J3-amyloid or the derivative 
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thereof; the monoclonal antibody indicated by BAN-052a; the 
monoclonal antibody indicated by BAN— 50a; and the antibody 
specifically reactive to the partial peptide in the central 
portion of the fJ-amyloid or the derivative thereof can each 
5 specifically recognize the partial peptides on the N- 

terminal and C-terminal sides and in the central portion of 
the /J-amyloid. They can be therefore used for 
determination of the p-amyloid or the derivative thereof in 
a test solution, particularly determination by the sandwich 
10 immunoassay. 

Namely, the present invention provide: 

( 1 ) a method for determining a £-amyloid or a 

A 

derivative thereof in a test solution which comprises 
competitively reacting an antibody of the present invention 
15 to the £-amyloid or the derivative thereof with the test 
solution and a labeled 0-amyloid or a derivative thereof, 
and measuring the ratio of the labeled 0-amyloid or the 
derivative thereof bound to said antibody; 

( 2 ) a method for determining a £-amyloid or a 

20 derivative thereof in a test solution which comprises 

reacting an antibody to a P-amyloid or a derivative thereof 
insolubilized on a carrier, a labeled antibody to a 0- 
amyloid or a derivative thereof and the test solution with 
one another, and then, measuring the activity of a labeling 

25 agent on the carrier, in the method, one of the antibody to 
the P-amyloid or the derivative thereof insolubilized on 
the carrier and the labeled antibody to the 0-amyloid or 
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the derivative thereof being an antibody specifically 
reactive to a partial peptide on the C-terminal side of the 
0-amyloid or the derivative thereof, and the other be±ng an 
antibody which recognizes a partial peptide having an amino 
5 acid sequence represented by SEQ ID NO: 7 (namely, £- 

amyloid (1-28)) and/or a partial peptide having an amino 
acid sequence represented by SEQ ID NO: 10 (namely, 0- 
amyloid (1-16)); and 



10 derivative thereof in a test solution which comprises 

reacting an antibody to a ^-amyloid or a derivative thereof 
insolubilized on a carrier, a labeled antibody to a 
amyloid or a derivative thereof and the test solution with 
one another, and then, measuring the activity of a labeling 

15 agent on the carrier, in which one of the antibody to the 
P-amyloid or the derivative thereof insolubilized on the 
carrier and the labeled antibody to the /3-amyloid or the 
derivative thereof being an antibody specifically reactive 
to a partial peptide in a central portion of the /5-amyloid 

20 or the derivative thereof, and the other being an antibody 
which recognizes a partial peptide on the C-terminal side 
of the P-amyloid or the derivative thereof or an antibody 
which recognizes a partial peptide having an amino acid 
sequence represented by SEQ ID NO: 7 or SEQ ID NO: 10. 

25 More specifically, the antibody specifically reactive 

to the partial peptide on the C-terminal side of the' £- 
amyloid or the derivative thereof is the monoclonal 



(3) a method for determining a /3-amyloid or a 




antibody indicated by BA-27a, BS-85a or BC-05a, the 
antibody which recognizes the partial peptide having the 
amino acid sequence represented by SEQ ID NO: 7 (namely, fl- 
amy loid (1-28)) and/or the partial peptide having the amino 
5 acid sequence represented by SEQ ID NO: 10 (namely, fl- 
amy loid (1-16)) is the monoclonal antibody indicated by 
BAN-052a or BAN— 50a, and the antibody specifically reactive 
to the partial peptide in the central portion of the fl- 
amyloid or the derivative thereof is the antibody indicated 

10 by BP-90a. 

Particularly preferred examples of the above-mentioned 
determining methods (2) include: 

a determining method in which one of the antibodies to 
the fl-amyloid or the derivative thereof insolubilized on 

15 the carrier and the labeled antibody to the fl-amyloid or 

the derivative thereof is the monoclonal antibody indicated 
by BA-27a, the other is the monoclonal antibody indicated 
by BAN-052a or BAN-50a, and the fl-amyloid is the peptide 
having the amino acid sequence represented by SEQ ID NO: 1, 

20 SEQ ID NO: 2, SEQ ID NO: 3 or SEQ ID NO: 4; 

a determining method in which one of the antibodies to 
the fl-amyloid or the derivative thereof insolubilized on 
the carrier and the labeled antibody to the fl-amyloid or 
the derivative thereof is the monoclonal antibody indicated 

25 by BS-85a, the other is the monoclonal antibody indicated 
by BAN-052a or BAN-50a, and the fl-amyloid is the peptide 
having the amino acid sequence represented by SEQ ID NO: 1, 
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SEQ ID NO: 2, SEQ ID NO: 3 or SEQ ID NO: 5; and 

a determining method in which one of the antibodies to 
the £-amyloid or the derivative thereof insolubilized~on 
the carrier and the labeled antibody to the /J-amyloid or 
5 the derivative thereof is the monoclonal antibody indicated 
by BC-05a, the other is the monoclonal antibody indicated 
by BAN-052a or BAN-50a, and the 0-amyloid is the peptide 
haying the amino acid sequence represented by SEQ ID NO: 5. 
Particularly preferred examples of the above-mentioned 

10 determining methods (3) include: 

a determining method in which one of the antibodies to 
the 0-amyloid insolubilized on the carrier and the labeled 
antibody to the 0-amyloid is the monoclonal antibody 
indicated by BP-90a, the other is the monoclonal antibody 

15 indicated by BAN-052a or BAN-50a, and the 0-amyloid or the 
derivative thereof is the peptide having the amino acid 
sequence represented by SEQ ID NO: 1, the peptide having 
the amino acid sequence represented by SEQ ID NO: 2, the 
peptide having the amino acid sequence represented by SEQ 

20 ID NO: 3 , the peptide having the amino acid sequence 

represented by SEQ ID NO: 4, the peptide having the amino 
acid sequence represented by SEQ ID NO: 5 and/or the 
peptide having the amino acid sequence represented by SEQ 
ID NO: 6; and 

25 a determining method in which one of the antibody to 

the £-amyloid insolubilized on the carrier and the labeled 
antibody to the p-amyloid is the monoclonal antibody 
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indicated by BP- 90a, the other is the monoclonal antibody- 
indicated by BA-27a, BS-85a or BC-05a, and the fJ-amyloid or 
the derivative thereof is the peptide having the amino acid 
sequence lacking the 1st to the 16th amino acids or the 1st 
5 to the 17th amino acids from the amino acid sequence 
represented by any of SEQ ID NO: 1 to SEQ ID NO; 6. 

The determining methods (immunoassays) of the 0- 
amyloids or the derivatives thereof (hereinafter briefly 
referred to as the "p-amyloids" ) of the present invention 

10 are described in more detail below. 

The antibodies of the present invention can recognize 
the 0-amyloids, so that the assay or the detection by 
tissue staining of the (3-amyloids can be conducted. For 
these purposes, either the antibodies themselves or 

15 F(ab' ) 2 i Fab' or Fab fractions of antibody molecules may be 
used. The measuring methods using the antibodies of the 
present invention are not particularly limited. Any 
measuring method may be used, as long as the amount of the 
antibodies , the antigens or the antibody-antigen complexes 

20 corresponding to the amount of the antigens (for example, 
the amount of the 0-amyloids ) in solutions to be measured 
is detected by chemical or physical means, and calculated 
from standard curves prepared by the use of standard 
solutions containing the antigens in known amounts ♦ For 

25 example, nephelometry , competitive methods, immunometric 
methods and sandwich methods are suitably used. With 
respect to sensitivity and specificity, it is particularly 




preferred to use the sandwich methods described below. 

In measuring methods using labeling substances, 
radioisotopes, enzymes, fluorescent substances, luminous 
substances, etc- are used as labeling agents. Examples of 
5 the radioisotopes include 125 I, 131 I, 3 H and 14 C. As the 
above-mentioned enzymes, it is preferred that they are 
stable and have a high specific activity. Examples thereof 
include 0-galactosidase, /3-glucosidase, alkaline 
phosphatase, peroxidase and malate dehydrogenase. Examples 

10 of the fluorescent substances include f luorescamine and 
fluorescein isothiocyanate. The luminous substances 
include, for example, luminol, luminol derivatives, 
luciferin and lucigenin. Further, biotin-avidin systems 
can also be used for binding of the antibodies or the £- 

15 amyloids with the labeling agents. 

When the antigens or the antibodies are insolubilized, 
either physical adsorption or chemical binding usually used 
for insolubilization or fixation of proteins or enzymes may 
be employed. Examples of the carriers include insoluble 

20 polysaccharides such as agarose, dextran and cellulose, 
synthetic resins such as polystyrene, polyacrylamide and 
silicone polymers, and glass. 

In the sandwich methods, the test solutions are 
reacted with the insolubilized anti-£-amyloid antibodies 

25 (the first reaction), further, the labeled anti-£-amyloid 

antibodies are reacted (the second reaction), and then, the 
activity of the labeling agents on the insolubilized 
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carriers is assayed f whereby the amount of the ^-amyloids 
in the test solutions can be determined. The first 
reaction and the second reaction may be conducted " 
simultaneously or sequentially. The labeling agents and 
5 the insolubilizing methods can be used in accordance with 
those described above. Further , in the immunoassays by the 
sandwich methods , the antibodies used as the antibodies for 
solid phases or the antibodies for labeling are not 
necessarily of one kind, but two or more kinds of 

10 antibodies may be used as mixtures for the purpose of 
enhancing the measuring sensitivity , etc. 

In the methods of the present invention for measuring 
the p-amyloids by the sandwich methods , the anti-£-amyloid 
antibodies used in the first reaction are preferably 

15 different from those used in the second reaction in sites 
at which the antibodies bound to the 0-amyloids . For 
example, when the antibody used in the first reaction 
recognizes the partial peptide on the N-terminal side of 
the 0-amyloid, the antibody used in the second reaction is 

20 preferably an antibody which recognizes a partial peptide 
other than the partial peptide on the N-terminal side 
(namely, the partial peptide on the C~terminal side). 

Specifically, of monoclonal antibodies prepared using 
0-amyloid (1-40) as the immunogen, an antibody which does 

25 not cross react with 0-amyloid (1-28) is suitably used as 
the monoclonal antibody specifically reactive to the 
partial peptide on the C-terminal side of the 0-amyloid. 
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The present inventors established two kinds of hybridomas 
each of which produces such an antibody . The antibodies 
produced from these hybridomas did not cross react with £- 
amyloid (1-28) in competitive enzyme immunoassays using £- 
5 galactosidase-labeled £-amyloid (1-40) described below, but 
they reacted with 0-amyloid (1-40) (antigen concentration 
giving B/B 0 =O.5: 200 to 250 nM, 40 to 50 ng/well). 
Furthermore , when they were used in the sandwich methods, 
particularly in combination with BAN-50a or BAN- 05 2a of 

10 monoclonal antibodies prepared using ^-amyloid (1-16) 
described below as the immunogen which recognized the 
partial peptide on the N-terminal side of the £-amyloid, 
the result revealed that the ^-amyloid could be measured 
unexpectedly with a higher sensitivity (detection 

15 sensitivity: 0.2 pg/well). Namely, as the monoclonal 

antibodies of one kind specifically reactive to the partial 
peptide on the C-terminal side of the p-amyloid suitable 
for the sandwich enzyme immunoassays of the present 
invention, monoclonal antibodies which react with p-amyloid 

20 (1-40), but do not cross react with £-amyloid (1-28) are 

suitably used. These antibodies do not necessarily require 
a high affinity for 0-amyloid (1-40). For example, BA-27a 
is conveniently used as such an antibody. 

Further, as the monoclonal antibodies specifically 

25 reactive to the partial peptide on the C-terminal side of 
the 0-amyloid which are used in the sandwich immunoassays 
of the present invention, antibodies prepared using 0- 




amyloid (25-35) as the immunogen are suitably used. The 
present inventors established five kinds of hybridomas 
producing these antibodies . The antibodies reacted wxth 
amyloid (25-35) (antigen concentration giving B/B 0 =0.5: 20 
5 nM, 1 ng/well) in competitive enzyme immunoassays using 

galactosidase-labeled p-amyloid (1-40) described below, and 
also reacted with 0-amyloid (1-40) (antigen concentration 
giving B/B 0 =0.5s 800 nM, 160 ng/well). Further, the 
combination of the antibodies with BAN-50a or BAN-052a 

10 unexpectedly gives a higher sensitivity (detection 

sensitivity: 3 pg/well). Namely, in the sandwich enzyme 
immunoassays of the present invention, monoclonal 
antibodies to 0-amyloid (25-35) are suitably used as the 
monoclonal antibodies specifically reactive to the partial 

15 peptide on the C-terminal side of the 0-amyloid. These 
antibodies do not necessarily require a high affinity for 
P-amyloid (1-40). For example, BS-85a is conveniently used 
as such an antibody. 

In the sandwich methods in which BS-85a was combined 

20 with BAN-50a or BAN-052a, or BA-27a was combined with BAN- 
50a or BAN-052a, no cross reactivity with p-amyloid (1-28) 
was observed. 

Furthermore, as the monoclonal antibodies specifically 
reactive to the partial peptide on the C-terminal side of 
25 the 0-amyloid which are used in the sandwich immunoassays 
of the present invention, antibodies prepared" using £- 
amyloid (35-43) as the immunogen are suitably used. The 
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present inventors prepared eighteen kinds of hybridomas 
producing these antibodies. Of these , four kinds of 
antibodies exhibited a high reactivity to £-amyloid ~ 
fractions (formic acid extracts) extracted from the brains 
5 of the patients with Alzheimer's disease by the method of 
Mori et al. F J. Biol . Chem. , 267 , 17082-17086 (1988)] in 
competitive enzyme immunoassays using peroxidase-labeled p- 
amyloid (35-43) described below, whereas they exhibited no 
reactivity with a synthesized £-amyloid (1-40). The use of 

10 these antibodies in the sandwich methods in a combination 
with BAN- 50a showed that the 0-amyloids contained in the 
above-mentioned formic acid extracts from the brains of the 
patients with Alzheimer's disease were detected with high 
sensitivity, and that £-amyloid (1-40) was not detected at 

15 all. Mass spectrometry indicated that the 0-amyloids 

contained in the formic acid extracts from the brains of 
the patients with Alzheimer's disease were mainly composed 
of ^-amyloid (1-42), and that they further contained 
molecular species successively lacking N-terminal portions, 

20 including p-amyloid (3-42) having pyroglutamic acid at the 
N-terminal portion, 0-amyloid (2-42) and ^-amyloid (4-42). 

On the other hand, as the monoclonal antibodies 
recognizing the partial peptide on the N-terminal side of 
the p-amyloid which are used in the sandwich immunoassays 

25 of the present invention, antibodies prepared using p- 
amyloid (1-16) as the immunogen are suitably used. The 
present inventors prepared eight kinds of hybridomas 
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producing these antibodies • The reactivity of these 
antibodies to /5-amyloid (1-40) was examined by competitive 
methods using peroxidase-labeled ^-amyloid (1-16) described 
below. As a result, four kinds of antibodies showed a good 
5 reactivity to ^-amyloid (1-40) (antigen concentration 

giving B/B 0 =0.5: 25 to 70 nM, 5 to 15 ng/well ) . Further, 
when these antibodies were applied to the sandwich methods, 
a large difference in sensitivity among these antibodies 
was unexpectedly observed. Namely, monoclonal antibody 

10 BAN-052a gave outstanding high sensitive sandwich 

determining methods, compared with other three kinds of 
antibodies ( BAN— 11a f BAN- 20a and BAN-30a) . Then, sixteen 
kinds of antibodies were newly prepared in order to select 
anti-£-amyloid (1-16) monoclonal antibodies more suitable 

15 for the sandwich methods, and examined by the competitive 
methods using peroxidase-labeled ^-amyloid (1-16) • As a 
result, of these antibodies, ten kinds of antibodies showed 
a good reactivity to /5-amyloid (1-40). In particular, BAN- 
50a gave extremely high sensitive sandwich determining 

20 methods among others. Namely, in the present invention, 
several kinds of antibodies to 0-amyloid (1-16) are 
provided as the antibodies suitable for the sandwich 
methods, which recognize the partial peptide on the N- 
terminal side of the 0-amyloid, and particularly, BAN-50a 

25 and BAN-052a are suitably used. 

Further , as the monoclonal antibodies recognizing the 
partial peptide in the central portion of the 0-amyloid 




which are used in the sandwich immunoassays of the present 
invention, antibodies prepared using Ji-amyloid (18-28) 
represented by SEQ ID NO; 12 as the immunogen are suitably 
used. The present inventors prepared nine kinds of 
5 hybridomas producing these antibodies* In particular, 
monoclonal antibodies BP-Ola, BP-02a, BP-03a and BP-90a 
produced from four hybridomas BP-01, BP-02, BP-03 and BP-90 
are suitable, and BP-03a and BP-90a can also recognize £- 
amyloid (17-28) represented by SEQ ID NO: 11. Of these 

10 monoclonal antibodies, BP-90a is particularly suitable. 

The monoclonal antibodies of the present invention can 
also be used in assay systems other than the sandwich 
methods, for example, competitive methods, immunometric 
methods and nephelometry. In the competitive methods, 

15 antigens in test solutions and labeled antigens are 

competitively reacted with the antibodies, followed by 
separation of the unreacted labeled antigens (F) from the 
labeled antigens (B) bound to the antibodies (B/F 
separation) . Then, the labeled amount of either B or F is 

20 measured to determine the amount of the antigens in the 
test solutions . These reaction methods include liquid 
phase methods in which soluble antibodies are used as the 
antibodies , and polyethylene glycol and the second 
antibodies to the above-mentioned antibodies are used for 

25 B/F separation, and solidifying methods in which solidified 
antibodies are used as the first antibodies, or soluble 
antibodies are used as the first antibodies and solidified 




antibodies are used as the second antibodies . 

In the immunometric methods, antigens in test 
solutions and solidified antigens are competitively reacted 
with fixed amounts of labeled antibodies, followed by 
5 separation of solid phases from liquid phases, or antigens 
in test solutions are reacted with excess labeled 
antibodies, and then, solidified antigens are added to 
allow the unreacted labeled antibodies to bind to solid 
phases, followed by separation of the solid phases from 
10 liquid phases. Then, the labeled amount of either phases 
is measured to determine the amount of the antigens in the 
test solutions . 

In the nephelometry, the amount of insoluble 
precipitates produced as a result of antigen-antibody 
15 reaction in gels or solutions is measured. Even when the 
amount of antigens in test solutions is slight, and the 
precipitates are obtained only in small amounts, laser 
nephelometry utilizing laser scattering is suitably used. 
When these immunological assays are applied to the 
20 present invention, particular conditions and operations are 
not required to be established. Usual technical 
consideration of those skilled in the art may be added to 
ordinary conditions and operations in the respective assays 
to construct assay systems of the ^-amyloids. Details of 
25 these general technical means can be referred to reviews 

and books [for example, Radioimmunoassays edited by H. Irie 
(published by Kodansha in 1974), Radioimmunoassays , second 




series, edited by H. Irie (published by Kodansha in 1979), 
KOSO MENEKI SOKUTEIHOf Enzyme Immunoassays ) , edited by E. 
Ishikawa et al. (published by Igaku Shoin in 1978), KOSO 
MENEKI SOKUTEIHOf Enzyme Immunoassays) ( second edition! , 
5 edited by E . Ishikawa et al. (published by Igaku Shoin in 
1982), KOSO MENEKI SOKUTEIHO ( Enzyme Immunoassays! ( third 
edition! , edited by E. Ishikawa et al • (published by Igaku 
Shoin in 1987), Methods in ENZYMOLOGY . Vol. 70 
(Immunochemical Techniques (Part A) published by Academic 

10 Press, ibid . . Vol. 73 (Immunochemical Techniques (Part B), 
ibid. , Vol. 74 ( Immunochemical Techniques (Part C), ibid. , 
Vol. 84 (Immunochemical Techniques (Part D: Selected 
Immunoassays), ibid. , Vol. 92 (Immunochemical Techniques 
(Part E: Monoclonal Antibodies and General Immunoassay 

15 Methods), and ibid. , Vol. 121 (Immunochemical Techniques 

( Part I : Hybridoma Technology and Monoclonal Antibodies ) ] . 
Accordingly, when the assay systems of the ^-amyloids are 
constructed by the sandwich immunoassays of the present 
invention, they are not limited to examples described 

20 below. 

As described above, the antibodies of the present 
invention can determine the J3-amyloids or the derivatives 
thereof with a high sensitivity, so that they are useful as 
diagnosing agents for Alzheimer's disease. 

25 



Brief Description of the Drawings 

Fig. 1 is a graph showing the results of assay of the 
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antibody titer of mice immunized with ^-amyloid (1-40) , 
said antibody titer being assayed by £-Gal-labeled JJ- 
amyloid ( 1-40 ) ; 

Fig. 2 is a graph showing the results of assay of the 
5 antibody titer of mice immunized with 0-amyloid (25-35) , 
said antibody titer being assayed by £ -Gal -labeled £- 
amyloid (1-40); 

Fig, 3 is a graph showing the results of assay of the 
antibody titer of mice immunized with 0-amyloid (1-16), 
10 said antibody titer being assayed by HRP-labeled JJ-amyloid 
(1-16); 

Fig. 4 is a graph showing the results of assay of the 
antibody titer of mice immunized with ^-amyloid (35-43), 
said antibody titer being assayed by HRP-labeled 0-amyloid 

15 (35-43); 

Fig. 5 shows typical examples of screening of 
hybridomas after cell fusion. (a) is a case in which mice 
immunized with p-amyloid (1-40) were used, (b) is a case in 
which mice immunized with £-amyloid (25-35) were used, (c) 

20 is a case in which mice immunized with 0-amyloid (1-16) 

were used, and (d) is a case in which mice immunized with 
0-amyloid (35-43) were used; 

Fig. 6(a) is a graph showing the results of assay of 
the reactivity of monoclonal antibody BA-27a prepared using 

25 P-amyloid (1-40) as an immunogen to /3-amyloid (1-40) (-•-), 
P-amyloid (1-28) (-a-), /3-amyloid (1-16) (-O-), p-amyloid 
(25-35) (-□-) and p-amyloid (35-43) (-A-), said reactivity 
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being assayed by a competitive method-EIA using £-Gal- 
labeled JS-amyloid (1-40), and Fig, 6(b) is a graph 
similarly showing the results of assay of the reactivity of 
monoclonal antibody BS-85a prepared using {J-amyloid (25-35) 
5 as an immunogen, said reactivity being assayed by a 

competitive method-EIA using p-Gal-labeled JJ-amyloid (1- 
40); 

Figs. 7(a) and 7(b) are graphs each showing the 




results of assay of the reactivity of monoclonal antibodies 



10 BAN-052a and BAN-50a prepared using P-amyloid (1-16) as an 
immunogen to p-amyloid (1-40) (-□-), p-amyloid (1-28) (-A-) 
and 0-amyloid (1-16) (-O-), said reactivity being assayed 
by a competitive method-EIA using HRP-labeled p-amyloid fi- 
le); 

15 Fig- 8 is a graph showing the results of assay of the 

reactivity of BAN- 05 2a (-§-), BAN— 11a (-O-), BAN— 20a (-a-), 
BAN- 30a (-□-) and BAN- 50a (-■-) to P-amyloid (1-40), said 
reactivity being examined by a competitive method-EIA using 
HRP-labeled |3-amyloid ( 1-16 ) ; 

20 Fig. 9 is a graph showing standard curves of 3-amyloid 

(1-40) in a sandwich EIA using BS-85a-HRP as an enzyme- 
labeled antibody, and BAN-052a (-•-), BAN-lla (-T-)., BAN- 
20a (-A-) or BAN- 30a (-■-) as antibodies for solid phases; 
Fig. 10 is a graph showing standard curves of £- 

25 amyloid (1-40) in a sandwich EIA using BA-27a-HRP as an 

enzyme-labeled antibody, and BAN-052a (-•-), BAN-lla ( — Y- ) , 
BAN— 20a (-A-) or BAN— 30a (-■-) as antibodies for solid 



phases; 

Fig. 11 is a graph showing standard curves of p- 
amyloid (1-40) in a sandwich EIA using BAN-052a-HRP as an 
enzyme-labeled antibody , and BA-27a (-•-) or BS-85a (-O-) 
as antibodies for solid phases; 

Fig, 12 is a graph showing standard curves of p- 
amyloid (1-40) in a sandwich EIA using BAN-052a-HRP (-O-) 
or BA-27a-HRP (-□- ) as enzyme-labeled antibodies , and BAN- 
052a as an antibody for solid phases; 

Fig. 13 is a. graph showing standard curves of P- 
amyloid (1-40) (-§, A-) or P-amyloid (1-28) (-O, a-) in a 
sandwich EIA using BS-85a-HRP as an enzyme-labeled 
antibody, and BAN-052a (-•, O- ) or BAN-50a (-A, a-) as 
antibodies for solid phases; 

Fig. 14 is a graph showing standard curves of P- 
amyloid (1-40) (-•, A-) or p-amyloid (1-28) (-O, a-) in a 
sandwich EIA using BA-27a-HRP as an enzyme-labeled 
antibody, and BAN-052a (-•, O-) or BAN-50a (-A, a-) as 
antibodies for solid phases; 

Fig. 15 shows standard curves of P-amyloid (1-38) (-O- 
), p-amyloid (1-39) (-a-), P-amyloid (1-40) (-■-), P- 
amyloid (1-42) (-•-) or p-amyloid (1-28) (-□-) in a 
sandwich EIA using (a) BS-85a-HRP, (b) BA-27a-HRP or (c) 
BC-05a-HRP as enzyme- labeled antibodies, and BAN-50a as an 
antibody for solid phases; 

Fig. 16 shows the results of assay of the 
immunological activity of P-amyloids fractions eluted from 



the cerebrospinal fluid of patients with Alzheimer's 
disease by reverse-phase HPLC, said immunological activity 
being assayed by a sandwich EI A using (a) BS-85a-HRP and 
(b) BA-27a-HRP as enzyme-labeled antibodies, and BAN-50a as 
an antibody for solid phases; 

Fig* 17 shows the results of fractionation of 
Alzheimer's disease patient -derived £-amyloid fractions 
(formic acid extracts) by reverse-phase HPLC (detection 
wavelength: 210 nm) after partial purification by gel 
filtration; 

Fig. 18 shows mass spectra of (a) No. 35/ (b) No. 41 
and (c) No. 43 of the eluted fractions by reverse-phase 
HPLC in Fig. 17 of Alzheimer's disease patient's brain- 
derived ^-amyloid fractions ( formic acid extracts ) ; and 

Fig. 19 shows the results of determination of the 
eluted fractions by reverse-phase HPLC in Fig. 17 of 
Alzheimer's disease patient's brain-derived ^-amyloid 
fractions ( formic acid extracts ) , said determination being 
conducted by a sandwich EIA using (a) BS-85a-HRP, (b) BA- 
27a-HRP and (c) BC-05a-HRP as enzyme-labeled antibodies , 
and BAN-50a as an antibody for solid phases. 

Best Mode for Carrying Out the Invention 
Examples 

[Example 1] Preparation of Antigens 
(1) Production of ^-Amyloid (1-40) 

P-Amyloid (1-40) was synthesized by using 0.71 g (0.5 
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mmol) of a commercially available Boc-Val-OCH 2 -PAM resin 
(Applied Biosystems) with a peptide synthesizer (Model 
430A, Applied Biosystems). The Boc group on the resin was 
treated with 50% trif luoroacetic acid/methyl ene chloride to 
5 deprotect the amino group. Then, 2 mmol portions of Boc- 
Gly, Boc-Val, Boc-Met, Boc-Leu, Boc-Ile, Boc-Ala, Boc- 
Lys(Cl-Z), Boc-Asn, Boc-Asp(OcHex ) , Boc-Glu(OcHex) , Boc- 
Phe, Boc-Gln, Boc-His(Bom) , Boc-Tyr (Br-Z ) , Boc-Ser(Bzl) and 
Boc-Arg(Tos) were activated with HOBt/DCC and condensed 

10 according to the amino acid sequence of p-amyloid (1-40) to 
obtain 2.70 g of a protected 0-amyloid ( 1-40 ) -0CH 2 -PAM 
resin. The resulting protected 0-amyloid ( 1-40 )-OCH 2 -PAM 
resin (0;56 g) was treated with 10 ml of anhydrous hydrogen 
fluoride in the presence of p-cresol at 0°C for 60 minutes , 

15 followed by removal of excess hydrogen fluoride by 

distillation under reduced pressure* The residue was 
washed twice with 10 ml of ether, and then extracted with 
50% aqueous acetic acid. The insoluble material was 
removed by filtration, followed by washing with 50% aqueous 

20 acetic acid. The filtrate and the washings were combined, 
and the combined solution was concentrated to 2 to 3 ml 
under reduced pressure. The concentrated solution was 
subjected to a Sephadex G-25 column (2.0 X 85 cm) charged 
with 50% aqueous acetic acid r and developed with the same 

25 solvent. The main fractions were collected and lyophilized 
to obtain about 150 mg of a yellowish white powder. This 
was dissolved in 50 ml of 20% aqueous acetonitrile 
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(containing 0.1% trifluoroacetic acid) , and the resulting 
solution was subjected to a LiChroprep RP-18 column (4-1 X 
10 cm) filled with the same solvent to elute the coluffin 
with a linear gradient of from 20% to 7 0% aqueous 
5 acetonitrile (containing 0*1% trifluoroacetic acid). The 
main fractions were collected and subjected to a LiChroprep 
RP-18 column (2.6 X 6 cm) again to elute the column with a 
linear gradient of from 0% to 50% aqueous acetonitrile 
(containing 0.1% trifluoroacetic acid). The main fractions 
10 were collected and lyophilized to obtain 10 mg of a white 
powder . 

Anal . for amino acids : 

A 

Gly 6.85(6) , Ala 3.44(3), Val 5.68(6), Leu 2.00(2), 
He 1.39(2), Met 0.89(1), Phe 3.21(3), Ser 1.89(2), 
15 Asp 4.35(4), Glu 4.52(4), Lys 2.05(2), His 2.86(3), 

Arg 1.10(1), Tyr 0.97(1) 
(M + H)+ by mass spectrometry: 4328.05 
HPLC elution time: 22.8 minutes 
Column conditions 
20 Column: Wakosil-5C18 HG (4.6 X 100 mm) 

Eluents: A (0.1% aqueous trifluoroacetic acid) 
B (acetonitrile containing 0.1% 
trifluoroacetic acid) 
A linear gradient elution from eluent A to eluent B 
25 (for 50 minutes) 

Flow rate: 1.0 ml/minute 
(2) Production of [Cys 17 ] ^-Amyloid (1-16) 
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[Cys x/ ] J3-Amyloid (1-16) was synthesized by using 0.75 
g (0.5 mmol) of a commercially available Boc-Cys (MeBzl) - 
OCH 2 -PAM resin (Applied Biosystems) with a peptide - 
synthesizer (Model 430A, Applied Biosystems). The Boc 
5 group on the resin was treated with 50% trif luoroacetic 
acid/methylene chloride to deprotect the amino group. 
Then, 2 mmol portions of Boc-Lys(Cl-Z) , Boc-Gln, Boc- 
His(Bom), Boc-Val, Boc-Glu(OcHex) , Boc-Tyr (Br-Z ) , Boc-Gly, 
Boc-Ser(Bzl) , Boc-Asp(OcHex) , Boc-Arg(Tos) and Boc-Phe were 
10 activated with HOBt/DCC and condensed according to the 
amino acid sequence of [Cys 17 ] ^-Amyloid (1-16) to obtain 
1.90 g of a protected [Cys 17 ] ^-Amyloid (1-16) (MeBzl ) -0CH 2 - 
PAM resin. The resulting protected [Cys 17 ] /5-Amyloid (1- 
16) (MeBzl )-0CH 2 -PAM resin (0.68 g) was treated with 10 ml 
15 of anhydrous hydrogen fluoride in the presence of p-cresol 
at 0°C for 60 minutes, followed by removal of excess 
hydrogen fluoride by distillation under reduced pressure. 
The residue was washed twice with 10 ml of ether , and then 
extracted with 50% aqueous acetic acid. The insoluble 
20 material was removed by filtration, followed by washing 
with 50% aqueous acetic acid. The filtrate and the 
washings were combined, and the combined solution was 
concentrated to 1 to 2 ml under reduced pressure. The 
concentrated solution was subjected to a Sephadex G-25 
25 column (2.0 X 85 cm) filled with 50% aqueous acetic acid, 
and developed with the same solvent. The main fractions 
were collected and lyophilized to obtain 136.7 mg of a 
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white powder. 

Anal • for amino acids : 

Asp 2.17(2), Ser 0.96(1), Glu 3.04(3), Gly 1.00(1), 
Ala 1.00(1), Cys 0.82(1), Val 0.99(1), Tyr 0.94(1), 
5 Phe 1.09(1), Lys 1.05(1), His 2.89(3), Arg 0.97(1), 

(M + H)+ by mass spectrometry: 2056.83 
HPLC elution time: 14.8 minutes 
Column conditions 

Column: Wakosil-5C18 HG (4.6 X 100 mm) 
10 Eluents: A (0.1% aqueous trif luoroacetic acid) 

B (acetonitrile containing 0.1% 
trif luoroacetic acid ) 
A linear gradient elution from eluent A to eluent B 
(for 50 minutes) 
15 Flow rate: 1.0 ml/minute 

(3) Production of 0-Amyloid (25-35) 

JJ-Amyloid (25-35) was synthesized by using 0.66 g (0.5 
mmol) of a commercially available Boc-Met-OCH 2 -PAM resin 
(Applied Biosystems) with a peptide synthesizer (Model 
20 430A, Applied Biosystems). The Boc group on the resin was 
treated with 50% trif luoroacetic acid/methylene chloride to 
deprotect the amino group. Then, 2 mmol portions of Boc- 
Leu, Boc-Gly, Boc-Ile, Boc-Ala, Boc-Lys (Cl-Z ) , Boc-Asn and 
Boc-Ser(Bzl) were activated with HOBt/DCC and condensed 
25 according to the amino acid sequence of 0-amyloid (25-35) 
to obtain 1.14 g of a protected ^-amyloid ( 25-35 ) -OCH 2 -PAM 
resin. The resulting protected /3-amyloid ( 25-35 ) -OCH 2 -PAM 




resin (0.61 g) was treated with 10 ml of anhydrous hydrogen 
fluoride in the presence of p-cresol at 0°C for 60 minutes , 
followed by removal of excess hydrogen fluoride by - 
distillation under reduced pressure. The residue was 
5 washed twice with 10 ml of ether, and then extracted with 
50% aqueous acetic acid. The insoluble material was 
removed by filtration, followed by washing with 50% aqueous 
acetic acid. The filtrate and the washings were combined, 
and the combined solution was concentrated to 2 to 3 ml 

10 under reduced pressure. The concentrated solution was 
diluted with 50 ml of 0.1% aqueous trif luoroacetic acid, 
and then subjected to a LiChroprep RP-18 column (2.6 X 10 
cm) filled with 0.1% aqueous trif luoroacetic acid to elute 
the column with a linear gradient of from 0% to 50% aqueous 

15 acetonitrile (containing 0.1% trif luoroacetic acid). The 
main fractions were collected and lyophilized to obtain 100 
mg of a white powder. This powder was dissolved in 0.5 ml 
of N-acetic acid, and subjected to a Sephadex LH-20 column 
(1.0 X 96 cm) filled with the same solvent. The main 

20 fractions were collected and lyophilized to obtain 91 mg of 
a white powder. 
Anal, for amino acids: 

Asp 0.97(1), Ser 0.95(1), Gly 2.94(3), Ala 1.00(1), 
Met 0.89(1), lie 1.59(2), Leu 1.00(1), Lys 0.97(1), 

25 (M + H)+ by mass spectrometry: 2056.83 
HPLC elution time: 18.9 minutes 
Column conditions 
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Column: Wakosil-5Cl8 HG (4.6 X 100 mm) 
Eluents: A (0.1% aqueous trif luoroacetic acid) 

B (acetonitrile containing 0.1% - 
trif luoroacetic acid) 
5 A linear gradient elution from eluent A to eluent B 

(for 50 minutes) 
Flow rate: 1.0 ml/minute 
(4) Production of [Cys 34 ] /3-Amyloid (35-43) 

A Fmoc-Thr ( tBu ) -Wang resin (0.46 g: 0.25 mmol, 
10 Watanabe Kagaku) was used as a starting material. After 
deprotection of the Fmoc group with a 20% piperidine-DMF 
solution, the peptide chain was sequentially extended from 
the C-terminal side by the DCC-HOBt method , using a Fmoc- 
amino acid derivative cartridge (1.0 mmol, Applied 
15 Biosystems). Thus, 0.73 g of a protected peptide resin 
represented by the following formula was obtained: 

Fmoc-Cys(Trt)-Met-Val-Gly-Gly-Val-Val-Ile-Ala- 
Thr ( tBu ) -Wang resin 

Then, 0.75 g of phenol, 0.25 ml of butanedithiol , 0.5 
20 ml of thioanisole, 0.5 ml of deionized water and 10 ml of 
trif luoroacetic acid were added to 0.58 g (0.20 mmol) of 
this peptide resin under ice cooling, and the mixture was 
stirred at room temperature for 1.5 hours. The resin was 
removed by filtration, and the filtrate was concentrated. 
25 Ether was added to the residue under ice cooling, and a 
precipitate was collected by filtration." After thorough 
washing with ether, the precipitate was dried to obtain a 
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white powder. 

Yield: 168 mg (89%) 

(M + H)+ by mass spectrometry s 949.5 (theoretical 

value = 949.5) 

5 (5) Preparation of 0-Amyloid (1-38) and ^-Amyloid (1-39) 
0-Amyloid (1-40) was restrictedly hydrolyzed with 
carboxypeptidase Y, thereby preparing P-amyloid (1-38) and 
p-amyloid (1-39)* Namely, 50 yig of p-amyloid (1-40) 
(Bachem) and 0.5 \ig of carboxypeptidase Y (Oriental Yeast 
10 Co., Ltd.) were dissolved in 0.5% aqueous ammonium acetate 
to bring it up to 60 nl, followed by reaction at 10°C for 2 
hours. After reaction, the product was fractionated by 
reverse-phase HPLC using a Vydac C4 column (The 
Sep/a/ra/tions Group), and three main peaks detected by UV 
15 (210 nm) were identified by mass spectrometry. 
Column conditions 

Column: Vydac C4 (The Sep/a/ra/tions Group, 4.6 X 250 

mm) 

Eluents: A (5% acetonitrile containing 0.1% 
20 trif luoroacetic acid) 

B (80% acetonitrile containing 0.1% 
trif luoroacetic acid) . 
Elution Method: The concentration of eluent B was 

first maintained to 30% for 5 minutes, 
25 and then linearly increased to 30-50% 

for 60 minutes. 
Flow rate: 0.5 ml /minute 
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(M + H)+ by mass spectrometry: 4132.9: 0-amyloid (1-38) 

(theoretical value = 4132.6) 

4231.6: 3-amyloid (1-3-9) 
(theoretical value = 4 231.8) 
5 4330.9: J3-amyloid (1-40) 

(theoretical value = 4330.9) 
[Example 2] Preparation of Immunogens 

(1) Preparation of Immunogen Comprising /3-Amyloid (1-40) 

A complex of p-amyloid (1-40) obtained in Example 1 
10 (1) described above and bovine thyroglobulin (BTG) was 
prepared, and used as an immunogen. Namely , 0.6 mg of 
amyloid (1-40) was dissolved in 1.1 ml of 3 mM phosphate 
buffer (pH 6.5) containing 15% DMF, and then 2.5 mg of BTG 
dissolved in 0.5 ml of water was added thereto. Further, 
15 glutaraldehyde was added to give a final concentration of 
0.3%, followed by reaction at room temperature for 3 hours. 
After reaction, the product was dialyzed against 
physiological saline at 4°C for 2 days. 

(2) Preparation of Immunogen Containing P-Amyloid (25-35) 
20 A complex of p-amyloid (25-35) obtained in Example 1 

(3) described above and BTG was prepared, and used as an 
immunogen. Namely, 0.5 mg of p-amyloid (25-35) and 2.5 mg 
of BTG were dissolved in 1 ml of water adjusted to pH 4.5, 
and glutaraldehyde was further added to give a final 

25 concentration of 0.4%, followed by reaction at room 

temperature for 3 hours. After reaction, the product was 
dialyzed against physiological saline at 4°C for 2 days . 
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(3) Preparation of Immunogen Containing p-Amyloid (1-16) 

A complex of [Cys 17 ] fl-amyloid (1-16) obtained in 
Example 1 (2) and BTG was prepared , and used as an ~ 
immunogen. Namely , 20 mg of BTG was dissolved in 1.4 ml of 
5 0.1 M phosphate buffer (pH 6*9)/ and the resulting solution 
was mixed with 100 \il of a DMF solution containing 2.2 mg 
( 8 jimols ) of N- ( y-maleimidobutyryloxy) succinimide (GMBS ) , 
followed by reaction at room temperature for 40 minutes. 
After reaction, the product was fractionated on a Sephadex 
10 G-25 column. Then, 15 mg of maleimide group- introduced BTG 
was mixed with 3.6 mg of [Cys 17 ] ^-amyloid (1-16), followed 
by reaction at 4°C for 2 days. After reaction, the product 



was dialyzed against physiological saline at 4°C for 2 
days • 

15 (4) Preparation of Immunogen Containing ^-Amyloid (35-43) 
A complex of [Cys 34 ] J3-amyloid (35-43) obtained in 
Example 1 (4) and bovine serum albumin (BSA) was prepared, 
and used as an immunogen* Namely, 21 mg (0.31 j-imol) of BSA 
was dissolved in 1.4 ml of 0.1 M phosphate buffer (pH 6.8), 

20 and the resulting solution was mixed with 100 nl of a DMF 
solution containing 3.5 mg (12.5 nmols ) of GMBS, followed 
by reaction at room temperature for 35 minutes. After 
reaction, the product was fractionated on a Sephadex G-25 
column. Then, 4.5 mg of maleimide group- introduced BSA was 

25 mixed with 2.1 mg of [Cys 34 ] P-amyloid (35-43), followed by 
reaction overnight at 4°C. After reaction, the product was 
dialyzed against physiological saline at 4°C for 2 days . 
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(5) Preparation of Immunogen Containing £-Amyloid (18-28) 

A complex of [Cys 29 ] JS-amyloid (18-28) and BTG was 
prepared f and used as an immunogen. Namely , 21 mg of -BTG 
was dissolved in 1.5 ml of 0.1 M phosphate buffer (pH 6.9), 
and the resulting solution was mixed with 100 nl of a DMF 
solution containing 2.4 mg (8.4 jjunols) of GMBS, followed by 
reaction at room temperature for 40 minutes . After 
reaction, the product was fractionated on a Sephadex G-25 
column. Then, about 7 mg of maleimide group- introduced BTG 
was mixed with 2.0 mg of [Cys 29 ] ^-amyloid (18-28) 
(Accord), followed by reaction overnight at 4°C. After 
reaction, the product was dialyzed against physiological 
saline at 4°C for 3 days. 
[Example 3] Immunization 

Six to eight-week-old BAIiB/C female mice were 
subcutaneous ly immunized with about 80 jxg/mouse of each of 
the immunogens obtained in Example 2 described above, the 
P-amyloid (1-40) -BTG complex, the p-amyloid (25-35) -BTG 
complex, the 0-amyloid (1-16) -BTG complex, the 0-amyloid 
( 35-43 )-BSA complex and the p-amyloid (18-28) -BTG complex, 
together with Freund's complete adjuvant. Thereafter, the 
mice were supplementally immunized with the same dose of 
each of the immunogens, together with Freund's incomplete 
adjuvant, 2 to 3 times at 3 week intervals, 
[Example 4] Preparation of Enzyme-Labeled Antigens 
(1) Preparation of £-D-Galactosidase (£-Gal ) -Labeled £- 
Amyloid (1-40) 




In 40 ^il of DMSO was dissolved 7 0 \xg (16 nmols) of £- 
amyloid (1-40), and 160 nmols (10 \xl DMSO solution) of 
triethylamine and 23 nmols (7 *il DMSO solution) of 
succinimidyl-3- ( 2 -pyrimidyldithio ) propionate ( SPDP ) were 
5 added thereto , followed by reaction at room temperature for 
90 minutes. The total amount of the reaction solution was 
added to 1.7 mg (3.3 nmols ) of P-Gal ( for enzyme 
immunoassay , Boehringer Mannheim) dissolved in 0.45 ml of 
0.1 M phosphate buffer (pH 7.5), followed by reaction at 
10 4°C for a day. After reaction, the product was 

fractionated on an Ultrogel AcA34 column ( LKB -Pharmacia ) to 
obtain p-Gal-labeled p-amyloid (1-40). 

(2) Preparation of Horseradish Peroxidase (HRP) -Labeled £- 
Amyloid (1-16) 

15 [Cys 17 ] {J-amyloid (1-16) obtained in Example 1 (2) 

described above was crosslinked with HRP ( for enzyme 
immunoassay, Boehringer Mannheim) to prepare a labeled 
material for enzyme immunoassay (EIA). Namely, 5 mg (125 
nmols) of HRP was dissolved in 0.95 ml of 0.1 M phosphate 

20 buffer (pH 6.8), and the resulting solution was mixed with 
50 |il of a DMF solution containing 3.6 mg (1.3 pjnols) of 
GMBS, followed by reaction at room temperature for 30 
minutes. Thereafter, the reaction product was fractionated 
on a Sephadex G-25 column. Then, 3.3 mg (78 nmols) of 

25 maleimide group-introduced HRP was mixed with 0.56 mg (270 
nmols) of [Cys 17 ] /3-amyloid (1-16), followed by reaction at 
4°C for a day. After reaction, the product was 



fractionated on an Ultrogel AcA34 column (LKB-Pharmacia ) to 
obtain HRP-labeled £-amyloid (1-16). 

(3) Preparation of HRP-Labeled £-Amyloid (35-43) 

[Cys 34 ] 0-amyloid (35-43) obtained in Example 1 (4) 
described above was cross linked with HRP to prepare a 
labeled material for EIA • Namely, 12 mg (310 nmols) of HRP 
was dissolved in 1.4 ml of 0.1 M phosphate buffer (pH 6.8) , 
and the resulting solution was mixed with 100 |xl of a DMF 
solution containing 1.3 mg (4.5 nmols ) of GMBS, followed by 
reaction at room temperature for 30 minutes. Thereafter, 
the reaction product was fractionated on a Sephadex G-25 
column. Then, 3.2 mg (76 nmols) of maleimide group- 
introduced HRP thus prepared was mixed with 2 . 1 mg (7.2 
nmols) of [Cys 34 ] 0-amyloid (35-43) obtained in Example 
1(4), followed by reaction at 4°C for a day. After 
reaction, the product was fractionated on an Ultrogel AcA34 
column to obtain HRP-labeled p-amyloid (35-43). 

(4) Preparation of HRP-Labeled ^-Amyloid (18-28) 

[Cys 29 ] 3-amyloid (18-28) was crosslinked with HRP to 
prepare a labeled material for EIA. Namely, 16 mg (390 
nmols) of HRP was dissolved in 1.4 ml of 0.1 M phosphate 
buffer (pH 6.8), and the resulting solution was mixed with 
100 jil of a DMF solution containing 1.1 mg (3.9 jimols) of 
GMBS, followed by reaction at room temperature for 40 
minutes. Thereafter, the reaction product was fractionated 
on a Sephadex G-25 column. Then, 6 . 0 mg (150 nmols) of 
maleimide group-introduced HRP thus prepared was mixed with 
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2.5 mg (1.9 urools) of [Cys^] p-amyloid (18-28), followed 
by reaction at 4°C for 2 days. After reaction, the product 
was fractionated on an Ultrogel AcA34 column to obtain HRP— 
labeled 0-amyloid (18-28). 
5 [Example 5] Determination of Antibody Titer 

( 1 ) Determination of Antibody Titer in Antisera of Mice 
Immunized with JJ-Amyloid (1-40) 

The antibody titer in the antisera of mice immunized 
with £-amyloid (1-40) was determined by the following 

10 method. In order. to prepare an anti-mouse immunoglobulin 
antibody-binding microplate, 100 (il of 0.1 M carbonate 
buffer (pH 9.6) containing 100 p.g/ml of an anti-mouse 
immunoglobulin antibody (IgG fraction , Kappel) was poured 
into each well of a 96-well microplate , and allowed to 

15 stand at 4°C for 24 hours. Then, the plate was washed with 
phosphate buffered saline (PBS, pH 7.4) , and thereafter 300 
M.1 of PBS containing 25% Block Ace (Snow Brand Milk 
Products ) was poured into each well to block excess binding 
sites of the wells, followed by treatment at 4°C for at 

20 least 24 hours. To each well of the above-mentioned anti- 
mouse immunoglobulin antibody-binding microplate were added 
50 ill of buffer A [0.02 M phosphate buffer (pH 7.0) 
containing 0.1% BSA, 0.1 M NaCl f 1 mM MgCl 2 , 0.05% CHAPS 
[3-[ (cholamidopropyl)dimethylammonio]propanesulf onic acid 

25 and 0.1% NaN 3 ] and 100 \il of the mouse anti-£-amyloid (25- 
35) antiserum diluted with buffer A, followed by reaction 
at 4°C for 16 hours. Then, after the plate was washed with 
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PBS, 100 \xl of J3-Gal-labeled £-amyloid (1-40) prepared in 
Example 4 (1) described above (200-fold dilution with 
buffer A) was added, followed by reaction at room - 
temperature for a day. Then, after the plate was washed 
5 with PBS, 100 nl of a solution of 20 ng/ml 4-methyl- 

umbelliferyl-P-D-galactoside (4-MUG) in buffer A (with the 
proviso that CHAPS was not contained) was added, followed 
by reaction at 37°C for 3 hours, in order to assay the 
enzyme activity on the solid phase by 4-MUG* After 100 \xl 

10 of 0.2 M Na 2 C0 3 was added to terminate the reaction, 
released 4 -methyl umbellif erone was determined at an 
excitation wavelength of 355 nm at a determination 
wavelength of 460 nm by the use of a fluorescence plate 
reader (Fluoroscan II, Labosystera) . Results are shown in 

15 Fig. 1. Of the 8 immunized mice, 4 mice exhibited a 
relatively high antibody titer. 

(2) Determination of Antibody Titer in Antisera of Mice 
Immunized with ^-Amyloid (25-35) 

The antibody titer in the antisera of mice immunized 

20 with ^-amyloid (25-35) was determined in a manner similar 
to that described above. To each well of the anti-mouse 
immunoglobulin antibody-binding microplate were added 50 jil 
of buffer A, 50 ^il of the mouse anti-p-amyloid (25-35) 
antiserum diluted with buffer A and 50 m.1 of p-Gal-labeled 

25 P-amyloid (1-40) prepared in Example 4 (1) described above 
(100-fold dilution with buffer A) , followed by reaction at 
4°C for 16 hours. Then, after the plate was washed with 
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PBS, the enzyme activity on the solid phase was similarly 
determined by the use of 4-MUG. Results are shown in Fig. 
2. Of the 8 immunized mice, the 5 mice exhibited a - 
relatively high antibody titer, 
5 (3) Determination of Antibody Titer in Antisera of Mice 
Immunized with 0-Amyloid (1-16) 

The antibody titer in the antisera of mice immunized 
with f5-amyloid (1-16) was determined by the following 
method. To each well of the anti-mouse immunoglobulin 

10 antibody-binding microplate were added 50 jil of buffer C 
[0.02 M phosphate buffer (pH 7.0) containing 1% BSA, 0.4 M 
NaCl and 2 mM EDTA] , 50 |il of the mouse anti-£-amyloid (1- 
16) antiserum diluted with buffer C and 50 *xl of HRP- 
labeled 0-amyloid (1-16) prepared in Example 4 (2) 

15 described above (200-fold dilution with buffer C), followed 
by reaction at 4°C for 16 hours. Then, after the plate was 
washed with PBS f the enzyme activity on the solid phase was 
determined by adding 100 \il of a TMB microwell peroxidase 
substrate system (KIRKEGAARD & PERRY LAB, INC., supplied by 

20 Funakosi Yakuhin), and reacting it at room temperature for 
10 minutes. After IOOjaI of 1 M phosphoric acid was added 
to terminate the reaction, the absorption at 450 nm was 
measured with a plate reader (MTP-32, Corona). Results are 
shown in Fig. 3. An increase in antibody titer to (J- 

25 amyloid (1-16) was observed in all of the 7 immunized mice. 
(4) Determination of Antibody Titer in Antisera of Mice 
Immunized with ^-Amyloid (35-43) 




According to the method described in Example 5 (3) 
described above, the anti-mouse immunoglobulin antibody- 
binding microplate, the mouse anti-J3-amyloid (35-43) ~ 
antiserum and the HRP-labeled ^-amyloid (35-43) prepared in 
5 Example 4 (3) described above were reacted with one another 
to determine the antibody titer in the sera of mice. 
Results are shown in Fig. 4. Of the 9 immunized mice, 3 
mice exhibited a relatively high antibody titer. 
(5) Determination of Antibody Titer in Antisera of Mice 
10 Immunized with 0-Amyloid (18-28) 

According to the method described in Example 5 (3) 
described above, the anti-mouse immunoglobulin antibody- 
binding microplate, the mouse anti-f$-amyloid (18-28) 
antiserum and the HRP-labeled ^-amyloid (18-28) prepared in 
15 Example 4 ( 4 ) described above were reacted with one another 
to determine the antibody titer in the sera of mice . Of 
the 7 immunized mice, the 4 mice exhibited a relatively 
high antibody titer. 

[Example 6] Preparation of Monoclonal Ant i -p-Amyloid 

20 Antibody 

Each of the mice which showed a relatively high 
antibody titer was intravenously inoculated with 0 . 25 to 
0.3 ml of physiological saline in which 200 to 300 *ig of 
the immunogen was contained to perform the final 

25 immunization. The spleens were taken out of the mice 3 to 
4 days after the final immunization, pressed by a stainless 
mesh, filtered and floated in Eagle's minimum essential 
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medium (MEM) to obtain a spleen cell floating solution. As 
cells used for cell fusion , BALB/C mouse-derived myeloma 
cells P3-X63.Ag8 .Ul (P3U1) were used [ Current Topics in 
Microbiology and Immunology , 81 , 1 (1978)]. The cell 
5 fusion was conducted according to the original method 

f Nature , 256 , 495 (1975)]. Namely, the spleen cells and 
P3U1 were each washed 3 times with serum-free MEM f and 
mixed so as to give a spleen cell number to P3U1 number 
ratio of 5:1. The mixture was centrifuged at 800 rpm for 

10 15 minutes to precipitate the cells. After the supernatant 
was removed, the precipitate was lightly loosened, and 0.3 
ml of 45% polyethylene glycol (PEG) 6000 (Kochlight) was 
added thereto. Then, the mixture was allowed to stand in a 
water bath at 37°C for 7 minutes to perform fusion. After 

15 fusion , MEM was added to the cells at a rate of 2 ml per 

minute. After the total amount of MEM added reached 15 ml, 
the supernatant was removed by centrif ugation at 6 00 rpm 
for 15 minutes. The resulting cell precipitate was floated 
in GIT medium (Wako Pure Chemical Industries) containing 

20 10% fetal calf serum (GIT-10% FCS) so as to give 2X10 5 P3U1 
cells per ml. The cell suspension was plated in 120 wells 
of 24-well multi-dishes (Linbro) in an amount of 1 ml per 
well. After plating, the cells were incubated in a 5% 
carbon dioxide incubator at 37°C. After 24 hours, GIT-10% 

25 FCS medium containing HAT (1X10" 4 M hypoxanthine , 4X10" 7 M 
aminopterin and 1.6X10* 3 M thymidine) (HAT medium) was 
added in an amount of 1 ml per well to initiate HAT 
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selective culture. The HAT selective culture was continued 
by discarding 1 ml of old liquor and then adding 1 ml of 
HAT medium/ 3/ 6 and 9 days after initiation of the 
culture. Growth of hybridoma cells was observed 9 to 14 
5 days after cell fusion. When the culture solution was 
turned yellow (about 1X10 6 cells/ml), the supernatant was 
collected and the antibody titer was determined according 
to the method described in Example 5 . 

As a typical example of screening of the mouse-derived 
10 hybridomas immunized with ^-amyloid (1-40), results 

obtained using mouse No. 1 (see Fig. 1) are shown in Fig. 5 
(a). Including this, two kinds of hybridomas were selected 
in total (Table 1). 
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Table 1 

Reaction Specificity of Anti-0-Arayloid (23-35) and (1-40) 

Monoclonal Antibodies m 

Reactivity 1 ^ 

5 Hybridoma 



Strain 


No . Iramunoaen 


BAf 1-401 BA( 1- 


•28) 


BAf 25- 


:35J_ 


Note 


1 


0A(1-4O) 


+ _ 








BA-27 


2 


BA(l-40) 


± 










3 


BA( 25-35) 


± 




+ 






4 


BA( 25-35) 


+ _ 




+ 






5 


BA( 25-35) 


± 




+ 




BS-85 


6 


0A( 25-35) 


+ _ 




+ 






7 


BA( 25-35) 


+ - 




+ 






1) When 


100 nM of the 


antigen [BA(1- 


•40), 


BA(1- 


28) 


or BA(2! 



15 35)] existed, 

+ : (B/B 0 )<0.50 
±: 0.50<(B/B 0 )<0.90 
0.90<(B/B 0 ) 

wherein B: the amount of 0-Gal-labeled £A(l-40) bound to 
20 the antibody when the antigen existed 

B 0 : the amount of 0-Gal-labeled 0A(1-4O) bound to 
the antibody when the antigen did not exist. 




As a typical example of screening of the mouse-derived 
hybridomas immunized with 0-amyloid ( 25-35 ), results 
obtained using mouse No. 8 (see Fig. 2) are shown in Fig. 5 
(b). Including this, five kinds of hybridomas were 
5 selected in total (Table 1). 

As a typical example of screening of hybridomas which 
are derived from mice immunized with ^-amyloid (1-16)/ 
results obtained using mouse No. 5 (see Fig. 3) are shown 
in Fig. 5 (c). Including these, 8 hybridoma strains were 
10 first selected, and thereafter 16 hybridoma strains were 
further selected (Table 2) . 

As a typical example of screening of the mouse-derived 

A 

hybridomas immunized with ^-amyloid (35-43), results 
obtained using mouse No. 4 (see Fig. 4) are shown in Fig. 5 
15 (d). Including these, eighteen kinds of hybridomas were 
selected in total (Table 3). Further, the mouse-derived 
hybridomas immunized with £-amyloid (18-28) were screened 
to select nine kinds of hybridomas in total (Table 4). 
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Table 2 



Reactivity of Anti-B-Amvloid (1-161 Monoclonal Antibody 
Reactivity 1 * ~ 





Hvbridoma No. 


BAf 1—40 ) 


pAf 1-28) 


BAf 1-161 


Note 


5 


1 


+ 


+ 


+ 


BAN- 05 2 




2 


+ 


+ 




BAN- 11 




3 


+ 


+ 


+ 


BAN- 30 




4 


± 


— 


+ 






5 


± 


± 


+ 




10 


6 


+ 


+ 




BAN- 20 




7 


— 




+ 






8 


_ 


— 








9 


+ • 


- 




BAN— 4 0 




10 


+ 


+ 


+ 




15 


11 


+ 


+ 








12 


+ 


+ 


+ 


BAN- 50 




13 


+ 


± 


+ 






15 


+ 


+ 


+ 






16 


+ 


± 






20 


17 


+ 


+ 


+ 






18 


+ 


+ 


+ 






19 


+ . 


+ " 


+ 






20 


+ 




+ 






21 






+ 




25 


22 


+ 


+ 


+ 






" 23 


± 


+ 


+ 





1) When 100 nM of -the antigen [£A(l-40), 0A(l-28) or {SA(1- 
16)] existed, 

+ : (B/B 0 )<0.50 

±: 0.50£(B/B 0 )<0-80 
0.80<(B/B 0 ) 

wherein B: the amount of HRP-labeled £A(1-16) bound to 
the antibody when the antigen existed 
B 0 : the amount of HRP-labeled 0A(1-16) bound to 
the antibody when the antigen did not exist* 
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Table 3 



10 



15 



20 







Reactivit"sr ' 






Hybrxdoma 




Brain 


Class/ 




btram no . 


BAi 35—4 3 ] 


Fraction 


Subclass 


Note 


1 










2 


± 








3 


+ 




IgA, k 


BC-25 


4 


+ 




lgG3, k 


BC-35 


5 


+ 


+ 


IgGl, k 


BC-05 


6 


+ 








7 




+ 


igGl , k 


BC-15 


8 




± 


IgG3 , k 


BC-65 


9 


+ 








10 


+ 


± 






11 




+ 


IgGl, k 


BC-75 


12 


+ 


± 






13 


+ 




IgM, k 


BC-95 


14 


+ 


± 






15 


+ 


+ 


IgGl, k 


BC-55 


16 


+ 


± 






17 










18 










1) When 500 


ng/ml of 0A( 35-4 3) or 100 


jig/ml of 


the brain 



25 extract of patients with Alzheimer's disease existed, 
+ : (B/B 0 )<0.6 
±: 0- 6<(B/B 0 )<0.8 



0.8<(B/B 0 ) 

wherein B: the amount of HRP-labeled £A( 35-43) bound to 
the antibody when the antigen existed *~ 
B 0 : the amount of HRP-labeled pA( 35-43) bound to 
the antibody when the antigen did not exist. 



- 80 - 



•••• 
» « • 



Table 4 







AcaCtlVl LV 
















5 


Strain no. 


13 A f 1 7 — 2 o 1 PA ( lo-zo 1 


JJA{ 1-28 ) 


Note 




i 


T T 








2 


- + 




BP- 01 




3 






BP- 02 




4 


+ + 




BP-03 


10 


5 


± + 








6 


+ + 




BP-9 0 




7 


+ 








8 


+ 








9 


± + 






15 


1) When 500 


ng/ml of £A( 17-28) or 0A( 18-28), or 1 


ng of 



0A(l-28) existed, 
+ : (B/B 0 )<0.6 
±: 0.6<(B/B 0 )<0.8 
-:- 0 . 8<(B/B 0 ) 

20 wherein B: the amount of HRP-labeled £A( 18-28) bound to 

the antibody when the antigen existed 
B 0 : the amount of HRP-labeled 0A( 18-28) bound to 
the antibody when the antigen did not exist. 
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Then, these hybridomas were cloned by the limiting 
dilution method. In cloning , the BALB/C mouse thymocytes 
were added as feeder cells at 5X10 5 cells per well. KEter 
cloning , each of the hybridomas was intraperitoneally given 
5 at 1 to 3X10 6 cells/mouse to mice (BALB/C) each of which 
had previously been given 0.5 ml of mineral oil 
intraperitoneally. After 6 to 20 days, the antibody- 
containing ascites was collected. 

Each of the monoclonal antibodies was purified from 

10 the resulting ascites with a Protein-A column. That is, 6 
to 20 ml of the ascites was diluted with the same amount of 
binding buffer (1.5 M glycine containing 3.5 M NaCl and 
0.05% NaN 3 , pH 9.0), and then subjected to a recombinant 
protein-A-agarose (Repligen) column previously equilibrated 

15 with the binding buffer to elute the specific antibody with 
elution buffer (0.1 M citrate buffer containing 0.05% NaN 3 , 
pH 3.0). The eluate was dialyzed against PBS at 4°C for 2 
days, followed by sterile filtration with a 0.22-jim filter 
(Millipore). The purified solution was stored at 4°C or - 

20 80°C. The class and subclass of the monoclonal antibodies 
were determined by the enzyme-linked immunosorbent assay 
(ELISA) using a purified monoclonal antibody-binding solid 
phase. Namely, 100 jil of 0.1 M carbonate buffer containing 
2 ng/ml of the antibody (pH 9.6) was poured into each well 

25 of a 96-well microplate, followed by standing at 4°C for 24 
hours. The excess binding sites of the wells were blocked 
with Block Ace according to the method described in Example 
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5 described above, followed by examination of the class and 
subclass of the solidified antibody by ELISA using an 
isotype typing kit (Mouse-Typer™ Sub-Isotyping Kit, Bio 
RAD) . 

5 [Example 7] Competitive Method-Enzyme Immunoassays 
(1) Competitive Method-EIA (1) 

The reaction specificity of the monoclonal antibody 
prepared using 0-amyloid (1-40) or P-amyloid (25-35) as the 
immunogen was examined by the following method- First, the 

10 antibody titer of each monoclonal antibody solution was 

examined according to the method described in Example 5 ( 1 ) 
or Example 5 (2), and the antibody concentration (about 3 
to 15 ng/ml) in which the amount of the labeled material 
bound reached about 40% of the saturated amount bound was 

15 determined as the antibody concentration used in the 
competitive method-EIA. Then, 50 nl of an antibody 
solution diluted with buffer A to the determined 
concentration, 50 nl of a buffer A solution of the J5- 
amyloids or the partial peptides thereof, namely p-amyloid 

20 (1-40) (0-amyloid (1-40) purchased from Bachem was 
hereinafter used for immunoassay) , p-amyloid (1-28) 
(purchased from Peninsula) and ^-amyloid (25-35), and 50 nl 
of £-Gal-labeled JJ-amyloid (1-40) described in Example 4 
(1) mentioned above (100-fold dilution with buffer A) were 

25 added to each well of the anti-mouse immunoglobulin 
antibody-binding microplate described in Example 5 
mentioned above, followed by reaction at 4°C for 16 hours. 
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After reaction, the plate was washed with PBS, and then the 
enzyme activity on the solid phase was assayed by the 
method described in Example 5 (2) mentioned above. Results 
are shown in Table 1 . All the antibodies reacted with /3- 
5 Gal-labeled /J-amyloid (1-40)/ and also had reactivity to 0- 
amyloid (1-40) (Table 1). 

As typical examples , the results of the competitive 
method-EIA in which BA-27a (IgG2a, k) or BS-85a (IgGl, k) 
was used as an antibody to 0-amyloid (1-40) or 0-amyloid 

10 ( 25-35 ), respectively, are shown in Fig. 6. The standard 
curve of BA-27a to 3-amyloid (1-40) revealed that the 
concentration of P-amyloid (1-40) giving (B/B 0 )=0.5 was 200 
nM, 40 ng/well. Further, this antibody did not exhibit 
cross reactivity to p-amyloid (1-16), ^-amyloid (1-28) and 

15 0-amyloid (25-35). This proved that the antibody reacted 
with the partial peptide on the C-terminal side of the p- 
amyloid, but did not recognize the partial structure of 
amyloid (25-35) (Fig. 6 (a)). On the other hand, the 
reactivity of BS-85a to the partial structure of /3-amyloid 

20 (25-35) (antigen concentration giving (B/B 0 )=0.5: 20 nM, 1 
ng/well) was 40 times the reactivity to ^-amyloid (1-40) 
(antigen concentration giving (B/B 0 )=0.5: 800 nM, 160 
ng/well) (Fig. 6 (b)). 
(2) Competitive Method-EIA (2) 

25 The reaction specificity of the anti-£-amyloid (1-16) 

monoclonal antibody was examined in a manner similar to 
that described above. First, the antibody titer of each 
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monoclonal antibody solution was examined according to the 
method described in Example (5) 3/ and the antibody- 
concentration (about 3 to 50 ng/ml ) in which the amount of 
the labeled material bound reached about 40% of the 
5 saturated amount bound was determined as the antibody 

concentration used in the competitive method-EIA. Then, 50 
\il of an antibody solution diluted with buffer C to the 
determined concentration, 50 nl of a buffer C solution of 
the /3-amyloids or the partial peptides thereof, namely £- 

10 amyloid (1-40), 0-amyloid (1-28) and [Cys 17 ] 0-amyloid (1- 
16), and 50 p.1 of HRP-labeled ^-amyloid (1-16) described in 
Example 4 (2) mentioned above (2000-fold dilution with 
buffer C) were added to each well of the anti-mouse 
immunoglobulin antibody-binding microplate, followed by 

15 reaction at 4°C for 16 hours. After reaction, the plate 
was washed with PBS, and then the enzyme activity on the 
solid phase was assayed by the method described in Example 
5 ( 3 ) mentioned above . Results are shown in Table 2 . Of 
the eight kinds of monoclonal antibodies first selected, 

20 the four kinds thereof also reacted with p-amyloid (1-40) 
relatively highly, and of the sixteen kinds of monoclonal 
antibodies thereafter newly selected, the ten kinds thereof 
also reacted with 0-arayloid (1-40) relatively highly (Table 
2). As typical examples, the results of the competitive 

25 method-EIA of monoclonal antibodies BAN-052a (IgGl, k) and 
BAN-50a (IgGl, k) which showed the highest reactivity to 0- 
amyloid (1-40) among these antibodies are shown in Fig. 7. 
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Fig. 7 shows that these antibodies have a similar degree of 
reactivity to 0-amyloid (1-40), 0-amyloid (1-28) and £- 
amyloid (1-16). Further, 3-amyloid (1-40) standard ctTrves 
in the competitive method-EIA are shown in Fig. 8, in which 
5 the three kinds of monoclonal antibodies BAN-lla (IgGl, k), 
BAN-2 0a (IgGl, k) and BAN- 30a (IgGl, k) first selected and 
showing a high reactivity to p-amyloid (1-40) were used, in 
addition to these two kinds of antibodies . The P-amyloid 
(1-40) concentration of these antibodies giving (B/B 0 )=0.5 

10 was within the range of 25 to 70 nM (5-15 ng/well), and 
only a difference of less than 3 times was observed among 
the antibodies. Of these, the competitive method-EIA using 
BAN-50a was most highly sensitive, and could detect about 
0.6 ng/well [(B/B 0 )=0.9] of 0-amyloid (1-40). 

15 (3) Competitive Method-EIA (3) 

From 10 g of the brain of a patient with Alzheimer's 
disease, 0.1 g of 0-amyloid fractions (formic acid 
extracts) was obtained according to the method of Mori et 
al. (see the text). Then, according to the method 

20 described in Example 7 (2) mentioned above, the anti-mouse 
immunoglobulin antibody-binding microplate, the antibody 
solution, the ^-amyloids or the partial peptide thereof, 
namely P-amyloid (1-40) and [Cys 34 ] p-amyloid (35-43) or 
the above-mentioned Alzheimer's disease patient's brain- 

25 derived P-amyloid fraction, and HRP-labeled P-amyloid (35- 
43) described in Example 4 (3) mentioned above (50-fold 
dilution with buffer C) were allowed to react. Results are 
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shown in Table 3 . Of the monoclonal antibodies first 
selected , the four kinds of antibodies relatively highly- 
reacted with the Alzheimer's disease patient's brain- - * 
derived JJ-arayloid fraction. Of these, monoclonal antibody 
5 BC-05a (IgGl, k) which exhibited a high antibody titer was 
selected, and used in the following experiment. 
(4) Competitive Method-EIA (4) 

The reaction specificity of the anti-£-amyloid (18-28) 
monoclonal antibody was examined by the method described in 

10 Example 7 (2) mentioned above. That is, after 

determination of the concentration of each antibody, 
reaction was conducted using p-amyloid (1-40), [Cys 29 ] J3- 
amyloid (17-28) (Accord), [Cys 29 ] ^-amyloid (18-28) and £- 
amyloid (1-28) as the ^-amyloids or the partial peptides 

15 thereof, and using HRP-labeled ^-amyloid (18-28) described 
in Example 4 (4) mentioned above (1000-fold dilution with 
buffer C) as the labeled antigen, followed by assay of 
enzyme activity. Results are shown in Table 4. All of the 
nine kinds of antibodies selected had a high reactivity to 

20 p-amyloid (18-28) which is an antigen. Further, of these, 
the five kinds of antibodies relatively highly reacted also 
with 0-amyloid (17-28). All of the antibodies did not 
react with ^-amyloid (1-28) and JJ-amyloid (1-40). 

Of these, monoclonal antibody BP-90a (IgGl, k) having 

25 a high reactivity with both p-amyloid (17-28) and £-amyloid 
(18-28) were mainly used in the subsequent experiments. 
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[Example 8] Preparation of HRP-Labeled-Anti-£-Amyloid 
Monoclonal Antibody 
(1) BS-85a-HRP 

To 0.1 M phosphate buffer (pH 6.8) containing 4.2 mg 
5 (28 nmols) of a purified BS-85a fraction was added 50 *il of 
DMF containing 420 nmols of GMBS , followed by reaction at 
room temperature for 40 minutes. The reaction solution was 
separated on a Sephadex G-25 column (eluent: 0.1 M 
phosphate buffer, pH 6.7) to obtain 3 mg of a fraction of a 

10 maleimide group-introduced antibody. Then, 50 *il of DMF 

containing 4.5 pmols of SPDP was added to 1.4 ml of 0.02 M 
phosphate buffer (containing 0.15 M NaCl, pH 6.8) 
containing 12 mg (300 nmols) of HRP, followed by reaction 
at room temperature for 40 minutes. Then, 0.5 ml of 0.2 M 

15 acetate buffer (pH 4.5) containing 68 jxmols of 

dithiothreitol was added thereto and allowed to react for 
20 minutes at room temperature, followed by separation on a 
Sephadex G-25 column (eluent: 0.1 M phosphate buffer 
containing 2 mM EDTA, pH 6 ) to obtain 8 mg of SH group- 

20 introduced HRP. Subsequently, 8 mg of SH group-introduced 
HRP was mixed with 3 mg of the fraction of the maleimide 
group- introduced antibody, and the mixture was concentrated 
by a collodion bag (Sartorius) to about 0.3 ml, followed by 
standing at 4°C for 16 hours. The reaction solution was 

25 subjected to an Ultrogel AcA34 column in which 0.1 M 

phosphate buffer (pH 6.5) was used as an eluent, thereby 
purifying a BS-85a-HRP complex fraction. 
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(2) BA-27a-HRP 

Using 4.7 mg of a purified BA-27a fraction and 14 mg 
of HRP, a BA-27a-HRP complex fraction was prepared in~a 
similar manner. 
5 (3) BAN-052a-HRP 

Using 5 mg of a purified BAN-052a fraction and 14 mg 
of HRP f a BAN-052a-HRP complex fraction was prepared in a 
similar manner. 
(4) BC-05a-HRP 

10 Using 5 mg of a purified BC-05a fraction and 14 mg of 

HRP, a BC-05a-HRP complex fraction was prepared in a 
similar manner. 

[Example 9] Sandwich Method-EIA (1) 

(1) Sandwich Method-EIA Using BS-85a-HRP 

15 Into each well of a 96-well microtiter plate was 

poured 100 jil of 0.1 M carbonate buffer (pH 9.6) containing 
purified monoclonal antibody BAN-052a, BAN-lla, BAN-20a, 
BAN-30a, BS-85a or BA-27a described in Example 6 mentioned 
above, followed by standing at 4°C for 24 hours. Then, 300 

20 ill of Block Ace diluted 4 times with PBS was added to 
inactivate excess binding sites of the wells. 

To the plate prepared as described above was added 100 
\il of a standard solution of p-amyloid (1-40) diluted with 
buffer E (0.02 M phosphate buffer containing 10% Block Ace, 

25 0.2% BSA, 0.4 M NaCl, 0.05% CHAPS and 0.05% NaN 3 ), followed 
by reaction at 4°C for "24 hours. After washing with PBS, 
100 til of BS-85a-HRP prepared in Example 8 (1) (1500-fold 





dilution with buffer C) was added, followed by reaction at 
4°C for 24 hours. After washing with PBS, the enzyme 
activity on the solid phase was assayed using TMB by ^he 
method described in Example 5 (3) mentioned above (enzyme 
5 reaction: 20 minutes). Results are shown in Fig. 9. As 
described in Example 7, the reactivity of BS-85a to 
amyloid (1-40) in the competitive method-EIA is not so 
high. However, when used as the labeled antibody in the 
sandwich method-EIA in which the monoclonal antibody using 

10 P-amyloid (1-16) as the antigen was in the solid phase as 
described above, it detected 0-amyloid (1-40) with an 
extremely high sensitivity. In particular, the use of the 
solid phase of BAN— fr52a resulted in a sensitivity 10 to 30 
times higher than that of the other three kinds of antibody 

15 solid phases, and it was possible to detect 3 pg/well of £- 
amyloid (1-40). 

(2) Sandwich Method-EIA Using BA-27a-HRP 

Similarly, 100 nl of the standard solution of 0- 
amyloid (1-40) was added to the microplate to which BAN— 

20 052a, BAN- 11a , BAN— 20a, BAN-30a, BS-85a or BA-27a was 
fixed, followed by reaction at 4°C for 24 hours. After 
washing with PBS, 10.0 p.1 of BA-27a-HRP prepared in Example 
8 (2) described above (2500-fold dilution with buffer C) 
was added, followed by reaction at 4°C for 24 hours. After 

25 washing with PBS, the enzyme activity on the solid phase 
was "assayed using TMB (enzyme reaction: 20 minutes). 
Results are shown in Fig. 10. Similarly with BS-85a, BA- 
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27a did not show a high reactivity to JJ-amyloid (1-40) in 
the competitive method-EIA. However, when used as the 
labeled antibody in the sandwich method-EIA as descriBed 
above , it detected P-amyloid (1-40) with a sensitivity 
5 higher than BS-85a. In particular, the use of the solid 
phase of BAN-052a resulted in a sensitivity about 30 times 
higher than that of the other three kinds of antibody solid 
phases, and it was possible to detect 0.6 pg/well of fl- 
amy loid (1-40). 

10 (3) Sandwich Method-EIA Using BAN-052a-HRP 

To the microplate to which BS-85a or BA-27a was fixed, 
100 \il of the standard solution of ^-amyloid (1-40) was 
added, followed by reaction at 4°C for 24 hours. After 
washing with PBS, 100 *xl of BAN-052a-HRP prepared in 

15 Example 8 (3) described above (2500-fold dilution with 
buffer C) was added , followed by reaction at 4°C for 24 
hours. After washing with PBS, the enzyme activity on the 
solid phase was assayed using TMB (enzyme reaction: 20 
minutes). Results are shown in Fig. 11. Thus, also in the 

20 system constructed reversely to that of Example 8 (2), 

namely in the sandwich method-EIA in which the C-terminal 
antibody such as BS-85a or BA-27a was used as the solid 
phase and the N- terminal antibody, BAN-052a, was used as 
the labeled material, it was possible to detect 80 pg/well 

25 and 10 pg/well of ^-amyloid (1-40), respectively. 

Further, when BAN-052a-HRP (1000-fold dilution with 
buffer C) was also used as the labeled material in the 




sandwich method-EIA using BAN-05 2a as the solid phase , the 
detection sensitivity fell to 1/100, compared with the case 
that BA-27a-HRP (1500-fold dilution with buffer C) was 
used. This suggests that a multimer of 0-amyloid (1-40), 
5 scarcely exists under the experimental conditions used in 
the present invention (Fig. 12). 
[Example 10] Sandwich Method-EIA (2) 

From the fact that, of the anti-£-amyloid (1-16) 
monoclonal antibodies, BAN-052a provided the sandwich 

10 method-EIA having an extremely high sensitivity, sixteen 

kinds of antibodies were further prepared to select anti-p- 
amyloid (1-16) monoclonal antibodies more suitable for the 
sandwich method-EIA (Table 2). As a result, BAN— 50a was 
obtained. Results of the sandwich method-EIA using BAN-50a 

15 as the solid antibody are shown in Fig, 13 and Fig. 14. 

Although the assay was conducted according to Example 9 (3) 
described above, 1000-fold dilution (Fig, 13) was used as 
the concentration of the labeled material for BS-85a-HRP, 
and 1500-fold dilution (Fig. 14) for BA-27a-HRP. Further, 

20 in order to examine the specificity of these assay systems, 
the reactivity to £-amyloid (1-28) was also examined [in 
the figures, • and A indicate the reactivity to ^-amyloid 
(1-40), and O and a indicate the reactivity to P-amyloid 
(1-28)]. As a result, even when either of the labeled 

25 materials was used, the sensitivity for the BAN-50a solid 
phase was 2 to 3 times higher than that for the BAN-052a 
solid phase. When it was combined with the BA-27a-HRP 




labeled material, it was possible to detect 0.2 pg/well of 
0-amyloid (1-40). Further , the results showed that all the 
assay systems did not detect 0-amyloid (1-28), and was 
specific for 0-amyloid (1-40). 
5 [Example 11] Sandwich Method-EIA (3) 

(1) Specificity of Sandwich Method-EIA Using BS-85a-HRP or 
BA-27a-HRP 

The specificity of two kinds of sandwich method-EIA 
systems was examined in more detail in which BAN- 50a was 

10 used as a solid phase antibody and BS-85a-HRP or BA-27a-HRP 
was used as a labeled material. Although the assay was 
conducted according to Example 10 described above, 670-fold 
dilution was used as the concentration of the labeled 
material for BS-85a-HRP, and 1000-fold dilution for BA-27a- 

15 HRP, and the reactivity to 0-amyloid (1-38), ^-amyloid (1- 
39 ), 0-amyloid (1-40), ^-amyloid (1-42) and ^-amyloid (1- 
28) was examined (Figs. 15 (a) and 15 (b)), wherein 0- 
amyloid (1-38) and £-amyloid (1-39) prepared in Example 1 
(5) were used. The concentration of ^-amyloid (1-38) and 

20 ^-amyloid (1-39) in respective fractions of reverse-phase 
HPLC corresponding thereto in Example 1 (5) was determined 
by the competitive method-EIA using BAN-50a according to 
the method of Example 7 (2). Results revealed that the 
assay system using BS-85a-HRP as the labeled material (Fig, 

25 15 (a)) detected 0-amyloid (1-38), (5-amyloid (1-39) and £- 
amyloid (1-40) with an almost similar sensitivity (0-7 
pg/well), and that it detected £-amyloid (1-42) with a 



» •« • • ♦ 



- 93 - 



• • ♦ • • • 
> • • 

• • • • 



sensitivity one-half to one- third that of the above- 
mentioned three kinds of fj-amyloids. Furthermore f 0- 
amyloid (1-28) was not detected at all, giving results 
similar to those of Example 10- On the other hand, the 
5 assay system using BA-27a-HRP as the labeled material (Fig. 
15 (b)) detected P-amyloid (1-40) and 0-amyloid (1-42) with 
sensitivities of 0.2 pg/well and 18 pg/well, respectively. 
Further, for /3-amyloid (1-38) and p-amyloid (1-39), it was 
possible to detect with sensitivities of 85 pg/well and 17 

10 pg/well, respectively. 

The above-mentioned results showed that the assay 
system using BS-85a-HRP as the labeled material was non- 
specific for the C-terminal portions of the 0-amyloids , and 
that it was approximately equivalently sensitive to the £- 

15 amyloids containing the sequence of 0-amyloid (25-35) which 
was a partial peptide used as the immunogen to the labeled 
antibody. On the other hand, the assay system using BA- 
27a-HRP as the labeled material was considered to be 
specific for the C-terminus of P-amyloid (1-40), and weakly 

20 reacted to ^-amyloid (1-38), 0-amyloid (1-39) and /3-amyloid 
(1-42) with a cross reactivity of 2% or less. 
(2) Specificity and Sensitivity of Sandwich Method-EIA 
Using BC-05a-HRP 

The specificity and sensitivity of a sandwich method- 

25 EIA was examined in which BAN-50a was used as a solid 

antibody and BC-05a-HRP prepared in Example 8 (4) described 
above was used as a labeled material . The reactivity to £- 




amyloid (1-38), P-amyloid (1-39)/ ^-amyloid (1-40). £- 
amyloid (1-42) and 0-amyloid (1-28) was examined in the 
same manner as with Example 11 (1) described above with the 
exception that 200-fold dilution was used as the 
5 concentration of the labeled material (Fig. 15 (c)). As a 
result, the sandwich method-EIA using BC-05a-HRP could 
detect 0.7 pg/well of p-amyloid (1-42), but it did not 
detect the four kinds of /5-amyloids other than 0 -amyloid 
(1-42), namely £-aroyloid (1-38), p-amyloid (1-39), £- 

10 amyloid (1-40) and 0-amyloid (1-28), at all. Hence, this 
proved that the sandwich method-EIA using BAN— 50a as the 
solid antibody and BC-05a-HRP as the labeled material could 
detect p-amyloid (1-42) with an extremely high sensitivity 
and selectivity. 

15 The above-mentioned results showed that ^-amyloid (1- 

40) and 0-arayloid (1-42) could be separately determined by 
combining the two kinds of assay systems in which BAN-50a 
was used as the solid antibody and BA-27a-HRP or BC-05a-HRP 
was used as the labeled material . 

20 [Example 12] Preparation of Monoclonal Antibody-Fixed 
Affinity Solid Phase. 

(1) Preparation of BAN-052a-Fixed Affinity Solid Phase 

BAN-052a was fixed to a resin, thereby preparing an 
affinity solid phase. Namely, 45 mg of BAN-052a was 
25 allowed to react with 5 g of TSKgel AF-Trecyltoyopearl 650M 
(Toso) in a 0.1 M aqueous solution of sodium 

hydrogencarbonate containing 0.5 M NaCl, overnight at 4°C . 
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After reaction, the product was washed with 0.5 M saline, 
and allowed to react in 0.1 H Tris-HCl (pH 8.0) containing 
0.5 M NaCl at room temperature for 1 hour to block excess 
active groups. Then, 25 ml of BAN-052a-Trecyltoyopearl 
5 thus obtained was washed with PBS, followed by storage in 
buffer E at 4°C. 

(2) Preparation of BA-27a Fixed Affinity Solid Phase 

Similarly to (1) described above, BA-27a was fixed to 
a filler, thereby preparing an affinity solid phase. 
10 Namely, 15 mg of BA-27a was allowed to react with 2 g of 
TSKgel AF-Trecyltoyopearl 650M to obtain 10 ml of BA-27a- 
Trecyltoyopearl . 

[Example 13] Analysis of {3 -Amyloids Contained in 
Cerebrospinal Fluid of Patient with Alzheimer's Disease 
15 The cerebrospinal fluid of a patient with Alzheimer's 

disease purified by the use of the BAN-052a fixed affinity 
solid phase prepared in Example 12 (1) described above was 
fractionated by reverse-phase HPLC, and analyzed by the 
sandwich-EIA. 

20 First, 1.5 ml of the cerebrospinal fluid of a patient 

with Alzheimer's disease was diluted twice with buffer E, 
followed by elution from a column (0.8 X 0.3 cm) filled 
with BAN-052a-Trecyltoyopearl for partial purification. As 
an eluent, 60% acetonitrile containing 0.2% trif luoroacetic 

25 acid was used. Then, after concentration, these eluted 

fractions were " separated by reverse-phase HPLC using Vydac 
C4 according to the method described in Example 1 ( 5 ) , and 
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^-amyloids contained in the eluted fractions were 
determined by the sandwich method-EIA using the BAN-50a 
binding solid phase and BS-85a-HRP or BA-27a-HRP described 
in Example 10. Results are shown in Fig. 16. Fraction No. 
5 59 approximately agreed with the elution position of 
synthetic 0-amyloid (1-40), so that the immunological 
activity detected in both of Figs. 16 (a) and 16 (b) was 
considered to be that to 0-amyloid (1-40). The results of 
Fig. 16 therefore showed that p-amyloid (1-40) existed at a 
10 high concentration in the cerebrospinal fluid of the 
patient with Alzheimer's disease. Fig. 16 (a) further 
revealed that molecular species which were detectable with 

A 

BS-85a-HRP alone were also contained in small amounts 
(fraction Nos . 47 and 48). These are eluted at 

15 acetonitrile concentrations lower than that at which £- 
amyloid (1-40) was eluted. Accordingly, materials eluted 
in fraction Nos. 47 and 48 are considered to be molecular 
species more hydrophilic than 0-amyloid (1-40). The 
results of Example 11 showed that the assay system using 

20 BS-85a-HRP as the labeled material was also sensitive to a 
molecular species lacking one or two residues from the C- 
terminus of jJ-amyloid (i-40), equivalently to 0-amyloid (1- 
40). The possibility is therefore high that the 
immunological activity observed in fraction Nos. 47 and 48 

25 is that to the molecular species lacking the C-terminal 
portion of /3-amyloid (1-40). 

[Example 14] Analysis of ^-Amyloids Fractions Derived from 



- 97 - 



Cerebrospinal Fluid of Patient with Alzheimer's Disease 

In formic acid was dissolved 11 mg of the Alzheimer's 
disease patient's brain-derived p-amyloid fractions (the 
formic acid extracts) described in Example 7 (3) mentioned 
5 above, and separated by gel filtration using TSK G3000PW. 
Column conditions 
Column: TSK G3000PW (Toso) 
Eluents: 40% acetonitrile containing 0.1% 
trif luoroacetic acid 
10 Flow rate: 0.5 ml /minute 

^-Amyloids contained in the eluted fractions were by 
the sandwich method-EIA using BAN-50a antibody binding 
solid phase and BS-85a-HRP described in Example 10 
mentioned above. As a result, a high immunological 
15 activity was observed between 14 minutes and 15 minutes of 
HPLC elution time. Then, 0.05% CHAPS was added to this 
fraction, followed by concentration, and separation was 
conducted by reverse-phase HPLC using Vydac C4 according to 
the method described in Example 1 (5). Results of elution 
20 are shown in Fig. 17. 

After 300 \xl of each of the resulting fractions of No. 
35 and Nos . 41 to 45 was concentrated, the concentrated 
fractions were subjected to mass spectrometry (HX110, 
JEOL) . Results of analysis for the fractions of No. 35, 
25 No. 41 and No. 43 are shown in Fig. 18. JS-Amyloid (1-40) 
was the major constituent for No. 35, ^-amyloid (1-42) for 
No. 41. For No. 43, 0-amyloid (3-4 2) was the major 
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constituent (the N-terminal of /5-amyloid (3-42) was 
estimated to be converted to pyroglutamic acid, because the 
molecular weight was smaller by 18 than expected) . ~ 
Further , No. 43 contained other minor molecular species 
5 lacking the N-terminal portions as mixtures. Furthermore , 
the elution position of No. 35 agreed with that of 
synthetic J3-amyloid ( 1-40 ) . 

Then, the immunological activity of the eluted 
fractions was examined by the method described in Example 

10 11 mentioned above. In this case, 3 jil of each of the 

fractions was used as a sample, and BC-05a-HRP was used as 
200-fold dilution. Results are shown in Fig. 19. Both the 
peaks of No. 35 and Nos. 41-45 were detected in the assay 
system using BS-85a, the peak of No. 35 was mainly detected 

15 in the assay system using BA-27a, and the peak of Nos. 41- 
45 was detected in the assay system using BC-05a. 

The above-mentioned results are based on the 
specificity of the respective assay systems shown in 
Example 11 , which indicates, together with Example 13, that 

20 the assay systems according to the present invention can 
provide important means for developments of drugs for 
diagnosis and elucidation of causes of Alzheimer's disease, 
and prevention and treatment of Alzheimer's disease. 
[Example 15] Cloning of Human Type Amyloid Protein 

25 Precursor (APP) Gene 

0-Amyloids are only parts of a giant precursor protein 
(APP), and five kinds of cDNAs coding for APP have hitherto 
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been discovered. These cDNAs called APP695, APP714, 
APP751, APP770 and APP563 are known to be produced from the 
same APP gene as a result of alternative splicing. CSi 
these, in order to construct plasmid DNA for high 
5 expression of human type APP695, a human APP695 gene was 
cloned. 

First, using plasmid pME18s having a strong SRa 
promoter f Molecular and Cellular Biology , 8., 466-472 
(1988)] as a vector , a cDNA library of MAC10, human lung 
10 cancer cell-derived cells, was prepared. Based on the cDNA 
nucleotide sequence of human APP already reported, a 
synthetic DNA having the following sequence upstream from a 
region coding for the protein (sense): 

S'-ATCCCACTCGCACAGCAGCGCACTC-S' (SEQ ID NO: 13) 
15 and the following sequence downstream therefrom 
(antisense) : 

5 ' -TGCTGTCCAACTTCAGAGGCTGCTG- 3 ' (SEQ ID NO: 14) 
were prepared, and using these as a probe, the above- 
mentioned cDNA library was screened. The resulting cDNA 

20 was cloned, and the nucleotide sequence thereof was 

determined by the synthetic chain termination method. As a 
result, all were cDNAs coding for APP751. Then, a cDNA 
library of the human fetal brain prepared using XgtlO as a 
vector (Stratagene) was screened in a similar manner. As a 

25 result, cDNA coding for APP695 was obtained. The cDNA 

sequence of APP751 completely agreed with that of APP695, 
except a protease inhibitor region. Accordingly, a plasmid 
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DNA having cDNA of APP751 and a phage DNA having cDNA of 
APP695 were cleaved and recombined to construct a plasmid 
DNA in which the cDNA of APP695 was ligated downstreairr from 
the SRa promoter. 
5 [Example 16] Breeding of Human APP695 High Expression Rat 
C6 Glioma Cells 

Rat C6 glioma cells (ATCC CCL 107) were cultivated on 
a culture dish 10 cm in diameter at 37°C in the presence of 
5% C0 2 r in DMEM containing 10% bovine fetal serum. With 1 
10 ng of plasmid DNA pTB6 r Cel * Structure and Function . 12 , 

205-217 (1987)] having a neomycin-resistant gene was mixed 
20 ug of plasmid DNA for high expression of human APP695 
constructed in Example 15 described above, and the mixture 
was introduced into C6 glioma cells cultivated to 80% 
15 saturation, by calcium phosphate coprecipitation method. 

After 24 hours, neomycin (GIBCO) was added to give a final 
concentration of 750 ug/ml, and cultivation was continued 
to select resistant strains . Each of 18 selected strains 
thus obtained was suspended in 100 p.1 of PBS. After 
20 lyophilization and ultrasonic treatment, SDS 

electrophoresis was carried out using 8% polyacrylamide 
gel . After transcription of the protein to a 
nitrocellulose membrane, western blot analysis using an 
anti-human APP mouse monoclonal antibody (Boehringer 
25 Mannheim) was carried out to obtain C6-695-18 highest in 
the expression amount of APP695. 

[Example 17] Detection of 3-kDa Peptide Contained in 
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Culture Supernatant of Human APP695 High Expression C6 
Glioma Cells 

In order to identify molecular species of 0-amyloids 
contained in a culture supernatant of the human APP695 high 
5 expression C6 glioma cells described in Example 16 

mentioned above, the culture supernatant was purified in a 
manner similar to that of Example 13 , and analyzed by the 
sandwich method-EIA. Namely, 1 liter of the culture 
supernatant was partially purified by a column filled with 
10 BA-27a-Trecyltoyopearl obtained in Example 12 (2) described 
above, and the resulting eluted fractions were 
concentrated, followed by fractionation by reverse-phase 
HPLC using Vydac C4 . 
Column conditions 
15 Column: Vydac C4 (4.6 X 250 mm) 

Eluents: A (5% acetonitrile containing 0.1% aqueous 
trif luoroacetic acid) 
B (80% acetonitrile containing 0.1% 
trif luoroacetic acid) 
20 Elution Method: The concentration of eluent B was 

first increased from 15% to 25% for 5 
minutes, and then, linearly increased 
to 25-50% for 60 minutes. 
Flow rate: 0.5 ml /minute 
25 Using a 9 6-well microplate to which BP-90a was 

solidified, and BA-27a-HRP as a labeled material, according 
to the method described in Example 9 (1), the above- 
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mentioned reverse-phase HPLC fractions were subjected to 
the sandwich method-EIA. Fraction No. 28 and Nos. 38-39 in 
which a high immunological activity was observed were - " 
concentrated and subjected to mass spectrometry. As a 
5 result, p-amyloid (20-40) or p-amyloid (18-40) was a main 
constituent for each fraction. The above-mentioned results 
showed that the sandwich method-EIA using BP-90a and BA-27a 
could selectively detect derivatives on the C-terminal side 
of the /J-amyloid. This assay system is therefore 
10 considered to provide important means when metabolism of 
APP is studied. 

Industrial Applicability 

As lesion characteristic of the brains of patients 

15 with Alzheimer's disease , deposition of the /3-amyloid which 
is one of the main constituents of senile plaque has been 
known. By using the monoclonal antibodies of this 
invention , the j3-amyloids having the C-terminal hydrophobic 
regions can be determined sensitively and specif ically, and 

20 this determination method is useful for diagnosis of 
Alzheimer's disease, etc. 



